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Abstract
The traditional medicine Dai-Ken-Chu-To (DK) is used to treat gastrointestinal diseases. The drug may have an anti-obesity effect through its gastrointestinal 
activities. In this study, we examined the effects of DK on obesity and glucose intolerance induced by long-term feeding on a HF diet. Male C57BL/6N mice (5 
weeks old) consumed a HF diet, a HF diet plus 1% or 3% DK extract, or a HF diet plus 0.5 or 1% zanthoxylum fruit extract for 20 weeks. The DK extract (500 or 
1000 mg/kg) and the lipase inhibitor orlistat (50 mg/kg) reduced elevated levels of triacylglycerol (TG) in plasma in the oral lipid tolerance test. The HF diet plus 
3% DK extract inhibited the increase in body weight at weeks 8, 9, 11 and 12, compared with the HF diet alone. The DK extract (1% and 3%), and the zanthoxylum 
fruit extract (1%) lowered the elevated plasma glucose levels in mice fed the HF diet. DK extract or zanthoxylum fruit extract might be useful for preventing obesity 
and/or glucose intolerance induced by a HF diet. 

Introduction
The traditional medicine Dai-Ken-Chu-To (Da-Jiang-Zhong-

Tang in Chinese), a mix of four natural components, is used to treat 
abdominal discomfort including pain and distention in Japan. Dai-
Ken-Chu-To has been found to improve gastrointestinal motility, 
postoperative adhesion, and paralytic ileus after abdominal surgery in 
basic medicinal and clinical studies [1-8]. Furthermore, it reportedly 
increases gastrointestinal motility by raising levels of calcitonin gene-
related peptide as well as acetylcholine and motilin [9-12]. Thus, Dai-
Ken-Chu-To (DK) has a strong gastrointestinal activity. Obesity is one 
of the fastest-growing diseases in many areas of the world including 
Europe, the United States, and Japan. Obesity results from an imbalance 
between energy intake and expenditure, and is closely associated 
with life-style-related diseases such as hyperlipidemia, hypertension, 
atherosclerosis and non-insulin-dependent diabetes mellitus and with 
increased risk of coronary heart disease [13]. It has been reported that 
variations in total energy intake and diet composition are important in 
the regulation of metabolic processes [14,15]. Furthermore, it has been 
suggested that dietary fat promotes body fat storage more effectively 
than dietary carbohydrate. Therefore, inhibition of the digestion and 
absorption of dietary fat is a key to treating obesity. Dietary fat is not 
directly absorbed from the small intestine unless it has been subjected 
to the actions of pancreatic lipase [16]. In this study, we examined the 
effects of a modified DK extract (without maltose powder) on obesity 
and glucose intolerance induced in mice by long-term feeding of a 
high-fat diet.

Materials and methods
Materials

A modified Dai-Ken-Chu-To extract without maltose powder 

(DK) (Lot. 070723AG), and a zanthoxylum fruit extract (Zanthoxylum 
piperitum De Candolle, Rutaceae) (Lot. 081021AG) were obtained 
from by Nihon Funmatsu Pharmacy Co. Ltd. (Osaka, Japan). DK 
(10g) is a mixture of powdered extract from dried ginger rhizome 
(Zingiber officinale Roscoe Zingiberaceae) (5 g), ginseng root (Panax 
ginseng C.A. Meyer, Araliaceae) (3 g) and zanthoxylum fruit (2 g). The 
Triglyceride E-Test, Total Cholesterol E-Test, Nonesterified Fatty Acid 
(NEFA) C-Test and Glucose CII-Test kits were purchased from Wako 
Pure Chemical Co. Ltd. (Osaka, Japan). Cornstarch, casein, cellulose, 
soybean oil, lard, mineral mixture (AIN-76), and vitamin mixture 
(AIN-76) were from Clea Japan Co. (Osaka, Japan). The standard diet 
AIN-93M (protein 13.9% calorie, fat 9.7% calorie and carbohydrate 
77.0% calorie) (total 377kcal/100g diet) was purchased from Test Diet 
Co. (IN, USA). The lipase inhibitor orlistat was obtained from Roche 
Pharmaceuticals Ltd. (Basel, Switzerland). Other chemicals were of 
reagent grade.

Composition of diet

The basic composition of the experimental high-fat diet was as 
follows (g/100 g food): cornstarch 30, casein 14, sugar 10, cellulose 5, 
soybean oil 4, lard 32.5, mineral mixture 1, and vitamin mixture 1 (total 
546 kcal/100g diet). The composition of the other experimental diets is 
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plasma TG, TC and NEFA concentrations were determined using the 
Triglyceride E-Test, Total Cholesterol E-Test and NEFA-Test kits. The 
liver and white adipose tissue were dissected and weighed. To measure 
the liver TG and TC concentrations, liver (1 g) was homogenized 
with distilled water (10 mL). The liver TG and TC concentrations 
were measured by the methods of Fletcher [17] and Zak et al. [18], 
respectively.

Oral glucose tolerance test (OGTT)
The OGTT was performed at week 19 on mice fed the standard 

diet, the HF diet, the HF diet plus DK extract, and the HF diet plus 
zanthoxylum fruit extract. Briefly, after at least 5 h of food deprivation, 
glucose (100 mg/mouse) was administered orally to the mice. Blood 
samples were taken from the tail at specific times and blood glucose 
concentrations were measuring using GLUCOCARDTM (GT-1640, 
Arkray, Kyoto, Japan). 

Statistical analysis
All values are expressed as the mean ± S.E.M. Data were subjected 

to a one-way analysis of variance (ANOVA), and differences among 
means were analyzed using Fisher’s protected LSD test. Differences 
were considered significant at P<0.05.

Results
Plasma TG levels in the oral lipid tolerance test

Figure 1 shows the time course of the change in the plasma TG level 
after the oral administration of the lipid emulsion. A maximum level of 
TG was reached at 2 h. DK (500 or 1000 mg/kg) or the lipase inhibitor 
orlistat (50 mg/kg) reduced the elevated plasma TG level 2 and 4 h after 
the administration of the lipid emulsion. The zanthoxylum fruit extract 
had no effect on the plasma TG level in the oral lipid tolerance test 
(data not shown).

Energy intake, body weight and tissue weight, and plasma 
and hepatic lipids in mice fed a HF-diet

Mean food consumption per day per mouse for 20 weeks did not 
differ among mice fed the standard diet (AIN-93M), the HF-diet, the 
HF diet plus DK extract (1 or 5%), and the HF diet plus zanthoxylum 
fruit extract (0.5 or 1%), being 10.2 ± 0.11 kcal (AIN-93M diet), 12.7 
± 0.16 kcal (HF diet), 12.2 ± 0.16 kcal (HF plus 1% DK extract), 
11.3 ± 0.11 kcal (HF plus 3% DK extract), 12.7 ± 0.70 kcal (HF plus 
0.5% zanthoxylum fruit extract) and 12.3 ± 0.15 kcal (HF plus 1% 
zanthoxylum fruit extract), respectively. Figure 2 shows the changes in 
body weight of the groups during the experiment. Mice fed the HF diet 

shown in Table 1. To avoid the auto-oxidation of fat content, the feeds 
were stored at -30°C and freshly prepared each day. 

Animals

Male ICR mice (5 weeks old) and male C57BL/6N mice (4 weeks 
old) obtained from Japan SLC (Shizuoka, Japan) were housed in a 
room with a 12-h light/dark cycle and controlled temperature and 
humidity. The animals had free access to food and water, and were 
used after 1 week of adaptation to the lighting conditions. Mice were 
treated according to the ethical guidelines of the Animal Center, 
Ehime University Graduate School of Medicine. The Animal Studies 
Committee of Ehime University approved the experimental protocol.

Plasma triacylglycerol (TG) concentration after oral 
administration of corn oil emulsion to ICR mice

DK extract (500 or 1000 mg), zanthoxylum fruit extract (500 or 
1000 mg) and the lipase inhibitor orlistat (50 mg) were suspended 
in distilled water (10 mL). A mixture of corn oil (5 g) was emulsified 
with 5% bovine serum albumin (BSA) (10 mL). After the mice were 
deprived of food for 5 h, the DK (500 or 1000 mg/kg body weight), 
zanthoxylum fruit extract (500 or 1000 mg/kg body weight), or orlistat 
(50 mg/kg body weight) was administered orally 20 s before the oral 
administration of the corn oil emulsion (5 g/kg). Blood samples were 
taken from the tail at 0, 0.5, 1, 2 and 4 h after administration of the corn 
oil emulsion using a heparinized capillary tube, and centrifuged at 5500 
g for 5 min in a KUBOTA 3220 centrifuge (Kubota, Tokyo, Japan) to 
obtain the plasma. The plasma TG concentration was determined using 
the Triglyceride E-Test kit.

Body weight, liver and white adipose tissue weights, 
plasma lipids, and liver TG and TC concentrations

Male C57BL/6N mice (4 weeks old) were divided into six groups 
that were matched for body weight, after 1 week of being fed laboratory 
pellet chow ad libitum. The control group was given the standard 
purified diet AIN-93M ad libitum during the experimental period. 
The mice consumed the high-fat (HF) diet, the HF diet containing 1 or 
3% DK extract, or the HF diet containing 0.5 or 1% zanthoxylum fruit 
extract for 20 weeks. The body weight of each mouse was measured 
once a week and the total amount of food consumed was recorded 
weekly. After the mice had been fed these diets for 20 weeks, blood 
was taken from each mouse by venous puncture under anesthesia with 
diethylether; the mice were killed with an overdose of diethylether. 
Experiments were performed in a ventilated room. The plasma was 
prepared by centrifugation and frozen at -80°C for analysis. The 

(g/100g) HF HF plus 1% DK extract HF plus 3% DK extract HF plus 0.5% zanthoxylum 
fruit extract

HF plus 1% zanthoxylum 
fruit extract

Corn starch 30.0 29.0 27.0 29.5 29.0
Casein 14.0 14.0 14.0 14.0 14.0
Sucrose 10.0 10.0 10.0 10.0 10.0
Cellulose 5.0 5.0 5.0 5.0 5.0
Soybean oil 4.0 4.0 4.0 4.0 4.0
Lard 32.5 32.5 32.5 32.5 32.5
Minearl mixture 3.5 3.5 3.5 3.5 3.5
Vitamin mixture 1.0 1.0 1.0 1.0 1.0
DK or zanthoxylum fruit 
extract

0 1.0 3.0 0.5 1.0

Energy kcal/100 g 546 546 546 546 546

Table 1. Composition of experimental diets.
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showed significant increases in body weight at 4-20 weeks compared 
with those fed the standard diet. The intake of the 1% DK extract, and 
0.5 or 1% zanthoxylum fruit extract, had no effect on the increase in 
body weight induced by the HF diet during the 20 weeks. The 3% DK 
extract significantly inhibited the increase in body weight at weeks 8, 

9 11 and 12, and overall, tended to inhibit the increase in body weight 
caused by the HF diet (Figure 2). 

The weights of the liver and mesenteric and epididymal adipose 
tissue were increased together with body weight in mice fed the HF diet 
compared with those on the standard diet (Table 2). The DK extract 
and zanthoxylum fruit extract had no effect on the increases caused 
by the HF diet during the 20 weeks (Table 2). The plasma TC levels 
were increased in mice on the HF diet compared with those on the 
standard diet. Neither the DK extract nor zanthoxylum fruit extract 
had any effect on the increased TC levels in mice fed the HF diet (Table 
3). Plasma TG and NFFA concentrations did not differ significantly 
between the mice on the standard diet, HF diet, HF diet plus DK 
extract, and HF diet plus zanthoxylum fruit extract (Table 3). Liver TG 
and TC levels did not differ significantly among mice fed the HF diet, 
HF diet plus DK extract, and HF diet plus zanthoxylum fruit extract 
(data not shown).

Plasma glucose levels in the OGTT

Figure 3 shows the time course of the change in the plasma 
glucose level after the oral administration of glucose (100 mg/mouse). 
A maximum level was reached at 15 min. The HF diet plus 1 or 3% 
DK extract significantly reduced the elevated plasma glucose level 15 
and 30 min after the administration of glucose compared with the HF 
diet alone. The HF diet plus 1% zanthoxylum fruit extract reduced the 
elevated plasma glucose level 15 and 60 min after the administration of 
glucose, and the HF diet plus 0.5% zanthoxylum fruit extract reduced 
the elevated plasma glucose level at 15 min in the OGTT (Figure 3).

Corn oil emulsion (5 g/kg) (Control)
+ Orlistat (50 mg/kg)

+ Dai-Ken-Chu-To (DK) extract (0.5 g/kg)
+ DK (1 g/kg)
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Figure 1 Effect of DK extract, zanthoxylum fruit extract and orlistat on plasma TG 
concentrations after the oral lipid tolerance test in mice.

Values are means ± S.E.M., n=8. *P<0.05, significantly different compared with mice 
administered the lipid emulsion alone (control).
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Figure 2 Effects of DK extract and zanthoxylum fruit extract on body weight in mice fed 
a HF diet for 20 weeks

Values are means ± S.E.M., n=8. *P<0.05, significantly different compared with mice fed 
the HF diet.

Treatment Liver (g) Mesenteric 
adipose tissue (g)

Epididymal 
adipose tissue (g)

AIN-93 M diet 1.44 ± 0.08* 0.56 ± 0.04* 1.49 ± 0.09*
HF diet 2.00 ± 0.12 1.33 ± 0.10 2.23 ± 0.14
HF plus 1% DK extract 2.23 ± 0.19 1.32 ± 0.14 1.81 ± 0.21
HF plus 3% DK extract 1.66 ± 0.13 1.02 ± 0.14 1.87 ± 0.15
HF plus 0.5% zanthoxylum
 fruit extract

2.02 ± 0.09 1.33 ± 0.08 1.91 ± 0.11

HF plus 1% zanthoxylum
 fruit extract

1.98 ± 0.07 1.33 ± 0.10 1.74 ± 0.13

Results are means ±S.E.M., n=8, *P<0.05, significantly different compared with mice fed 
HF diet.

Table 2. Effects of DK extract or zanthoxylum fruit extract on the weight of liver, mesenteric 
and epididymal white adipose tissues in mice fed a HF diet for 20 weeks.

Treatment TG 
(mg/100 mL

TC
(mg/100 mL)

NEFA
(µM)

AIN-93 M diet 53.6 ± 3.2 164.9 ± 7.0* 0.65 ± 0.04
HF diet 51.7 ± 2.8 200.4 ± 9.4 0.56 ± 0.04
HF plus 1% DK extract 42.4 ± 2.3 237.0 ± 11.9 0.59 ± 0.03
HF plus 3% DK extract 47.1 ± 3.1 200.6 ± 11.0 0.57 ± 0.05
HF plus 0.5% zanthoxylum
 fruit extract

53.3 ± 2.6 240.1 ± 4.9 0.57 ± 0.02

HF plus 1% zanthoxylum
 fruit extract

49.0 ± 5.1 217.9 ± 9.8 0.52 ± 0.03

Results are means ±S.E.M., n=8, *P<0.05, significantly different compared with mice fed 
HF diet.

Table 3. Effects of DK extract or zanthoxylum fruit extract on plasma TG, TC and NEFA 
levels in mice fed a HF diet for 20 weeks.
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Discussion
There are a number of studies describing HF diet-induced 

obesity [17-20] Obesity is closely associated with many metabolic 
disorders including insulin-resistant diabetic mellitus, hyperlipidemia, 
hypertension, and atherosclerosis. These factors can increase the risk 
of coronary heart disease [21,22]. Recently, we reported that chronic 
intake of a HF or high-sucrose diet resulted in different types of glucose 
intolerance with or without obesity [23]. In a series of studies on the 
effects of natural products on HF diet-induced obesity, we found that 
the intake of oolong tea [24], tea saponins [25], chitin-chitosan [26,27], 
chondrotin sulfate [28], Platycodi saponins [29,30], chikusetsaponins 
isolated from Panax japnicum [31], and polyphenols of Salix matudana 
leaves [32] had an effect. DK has been found to improve gastrointestinal 
motility, postoperative adhesion, and paralytic ileus after abdominal 
surgery in basic medicinal and clinical studies in Japan [1-8]; therefore, 
this drug may have an anti-obesity effect through gastrointestinal 
activities. DK consists of dried ginger rhizome (Zingiber officinale 
Roscoe Zingiberaceae), ginseng root (Panax ginseng C.A. Meyer, 
Araliaceae) and zanthoxylum fruit (Zanthoxylum piperitum De 
Candolle, Rutaceae). We have reported that ginger rhizomes and 
ginseng saponins had anti-obesity actions through the inhibition of 
pancreatic lipase [33,34]. In this study, we examined the effects of DK 
extract and Zanthoxylum piperitum fruit extract on obesity and glucose 
intolerance induced in mice by feeding the high-fat diet long-term. The 
DK extract and the lipase inhibitor orlistat inhibited the increase in the 
plasma TG level in the lipid tolerance test, but the zanthoxylum fruit 
extract had no effect. The DK inhibited the obesity caused by the HF 
diet. These findings suggest the anti-obesity effect of the DK extract 
to be partly due to the prevention of fat storage by the inhibition of 
lipid absorption from the small intestine through the inhibitory effect 
of the ginger extract [33] and ginseng saponins [34] of Ginseng roots 
in DK on pancreatic lipase. It is well-known that obesity is closely 
associated with insulin-resistant diabetes mellitus [22], and we also 
found that the obesity induced by chronic feeding of a HF diet caused 
insulin-resistance with glucose intolerance and a reduction in insulin 
sensitivity [23]. In this study, the feeding of the DK and zanthoxylum 
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Figure 3 Effects of DK extract and zanthoxylum fruit extract on the plasma glucose 
concentration in OGTT with mice fed a HF diet for 20 weeks. 

Values are means ± S.E.M., n=8. *P<0.05, significantly different compared with mice fed 
the HF diet.

fruit extracts improved the glucose intolerance induced by a HF diet for 
20 weeks. This finding suggests that the DK and zanthoxylum extracts 
stimulate insulin sensitivity including peroxisom proliferator-activated 
receptor (PPAR)γ , and adipocytokines (leptin and adiponectin etc). 
The mechanism(s) by which the DK or zanthoxylum fruit extract 
improved the insulin-resistance and obesity induced by a HF diet are 
unknown. Experiments are now in progress to isolate the insulin-
sensitive stimulatory compounds from DK or zanthoxylum fruit 
extract. 

Conclusions
DK or zanthoxylum fruit extract might be useful for preventing 

obesity and/or glucose intolerance caused by a HF-diet.
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