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  Abstract:  Epigallocatechin gallate (EGCg), a dietary polyphenol and a major tea catechin, is a known 
sucrase inhibitor. Since dietary pectin is known to modulate some of the functions of the gastrointesti-
nal tract, we investigated whether it could specifi cally affect the effi cacy of EGCg on an oral sucrose 
tolerance test in mice. Male Crj:CD-1 (ICR) mice (seven weeks old) were randomly divided into two 
groups and fed a 5 % apple pectin (PE) or 5 % cellulose (CE) diet (control diet) for 28 days. After the 
experimental diet period, all mice were fasted overnight. A volume of 0.2 mL EGCg (20 mg/mL) was 
orally administered to all the mice by stainless steel feeding needle via injection syringe and a sucrose 
tolerance test was performed. The blood glucose levels were measured in blood collected from the tail 
vein using the OneTouch® Ultra® blood glucose monitoring system. Blood glucose levels at 30 minutes 
and 60 minutes after sucrose loading in the PE group were signifi cantly higher than initial blood glucose 
levels. However, blood glucose levels at 30 minutes, 60 minutes, and 120 minutes after sucrose loading 
in the CE group were not signifi cantly higher than initial blood glucose levels. After laparotomy, plasma 
lipids were also measured. Plasma triglyceride concentrations were signifi cantly greater in the PE group 
than in the CE (control) group. This demonstrates that dietary pectin can affect the effi cacy of EGCg 
on the oral sucrose tolerance test in mice. 
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  I ntroduction 

 The benefi cial effects of dietary polyphenols have 
been widely reported [1 – 3], and are known to modu-
late intestinal enzyme activities. Dietary supplementa-
tion with chokeberry fruit extract (0.2 %) decreased 
the activity of maltase and sucrase, as well as increased 

the activity of lactase in the mucosa of the rat small 
intestine. This chokeberry fruit extract was shown to 
be a condensed source of polyphenols (714 mg/g), 
especially anthocyanin glycosides (56.6 %) [4]. A re-
duction in intestinal maltase and sucrase activities in 
quercetin-fed diabetic rats was observed in contrast to 
the increased activities in starch-fed diabetic rats [5]. 
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In an  in vitro  experiment, inhibition of rat small intes-
tinal sucrase and α-glucosidase activities by tea poly-
phenols has been reported [6]. There are also  in vivo  
investigations of the reduction in blood glucose levels 
by tea catechin [7]. From these reports tea catechin 
was found to be a sucrase inhibitor. Epigallocatechin 
gallate (EGCg) is one of the major tea catechins and 
has been suggested to be a potent sucrase inhibitor [6]. 
Dietary pectin, a soluble polysaccharide, is also known 
to affect the gut environment. Animals given soluble 
polysaccharides had plasma enteroglucagon levels sig-
nifi cantly higher than animals given insoluble cellulose 
[8]. It has been reported that a 10 % pectin diet elicited 
a marked enlargement of the cecum, a drop in cecal 
pH, and an increase in the volatile fatty acids (VFA) 
pool in the rat [9]. A pectin-supplemented enteral diet 
reduces the severity of methotrexate-induced entero-
colitis in rats [10]. It has been demonstrated that pectin 
is used by intestinal microbes as the principal energy 
source to catabolize nitrogenous compounds in pigs 
[11]. Both pectin and EGCg seem to be important 
functional foods. 

 Health benefi ts of dietary pectin [12 – 14] and 
EGCg [15, 16] have been reported. Elucidating the 
effects of dietary pectin on physiological function of 
EGCg would seem to be important. However, there 
are few reports of the infl uence of dietary pectin on 
the effects of EGCg in mice. As dietary pectin is 
known to affect the general function of the gastro-
intestinal tract, we wanted to determine whether it 
could affect the effi cacy of EGCg on oral sucrose 
tolerance test in mice. 

 Methods and materials 

 Materials 

 Apple pectin used in the diet of pectin (PE)-fed mice 
was purchased from Sigma (St. Louis, MO., USA). 
EGCg was purchased from Wako Pure Chemical In-
dustries, Ltd. (Osaka, Japan). 

 Treatment of animals and oral sucrose 
tolerance test 

 Male Crj:CD-1 (ICR) mice (seven weeks old) were 
purchased from Charles River Japan, Inc. (Kanagawa, 
Japan). All mice were specifi c pathogen-free (SPF), 
and the animals were housed in conventional con-
ditions in our laboratory. The mice were randomly 

divided into two groups of seven animals each and 
housed in suspended stainless-steel cages with wire 
mesh bottoms, in a room kept at 24 ± 0.5 °C and at a 
relative humidity of 65 %, with 12-hour periods of light 
and dark. They were fed a pelleted diet (MF, Oriental 
Yeast Co., Ltd, Tokyo, Japan) for one week. After one 
week, the diet was replaced with an AIN-93M diet for 
one week. Then the diet was replaced with a 5 % pec-
tin (PE) diet or 5 % cellulose (CE) diet (control diet) 
for 28 days. All mice were pair-fed. Table I presents 
the composition of each diet. Body weight and food 
consumption were measured during the experiment 
(three times a week). At the end of the feeding trial, 
all mice were fasted overnight and the oral sucrose 
tolerance test was carried out. A volume of 0.2 mL 
EGCg (20 mg/mL) was orally administered to all the 
mice by stainless steel feeding needle via injection 
syringe. Immediately after administration of EGCg, 
blood were collected from the tail vein and blood 
glucose levels were measured as initial glucose levels. 
After measurements of initial blood glucose levels, the 
sucrose tolerance test was carried out. A 20 % sucrose 
solution in distilled water was administered by stain-
less steel feeding needle via injection syringe. Blood 
was collected from the tail vein and blood glucose 
levels were measured 30 minutes, 60 minutes, and 120 
minutes later after sucrose administration. The blood 
glucose levels were measured in blood collected from 
the tail vein using the OneTouch® Ultra® blood glu-
cose monitoring system (Johnson & Johnson Lifescan, 
Inc., Milpitas, CA, USA). 

Table I: Composition of the experimental diet.

Ingredient CE diet 
(g/kg diet)

PE diet 
(g/kg diet)

Cornstarch 465.692 465.692

Casein 140.0 140.0

α-Cornstarch 155.0 155.0

Sucrose 100.0 100.0

Soybean oil 40.0 40.0

Cellulose 50.0 –

Apple pectin* – 50.0

Mineral mix
(AIN-93M-MX)

35.0 35.0

Vitamin mix
(AIN-93-VX)

10.0 10.0

L-Cystine 1.8 1.8

Choline bitartrate 2.5 2.5

Tert-butylhydroquinone 0.008 0.008

* Purchased from Sigma (St. Louis, MO, USA).
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 A total of 3.5 hours after administration of EGCg, 
all mice were anesthetized with diethyl ether and 
blood samples were taken from the abdominal aorta 
and placed in heparinized tubes. The plasma was 
separated from whole blood by centrifugation and 
stored at –80 °C until analysis of plasma triglyceride, 
total cholesterol, and phospholipids was carried out. 
The liver and cecal contents were collected. Cecal 
contents and livers were weighed. All animals were 
then euthanized with diethyl ether. This study was 
carried out in accordance with the Guidelines for 
Animal Care and Experimentation of the National 
Food Research Institute. The animal studies were 
reviewed and approved by the Animal Care and Use 
Committee of the National Food Research Institute, 
National Agriculture and Food Research Organiza-
tion (NARO), Japan. 

 Measurement of plasma cholesterol, 
triglyceride, phospholipids 

 The total plasma cholesterol concentrations were mea-
sured using a cholesterol E-test Wako kit (Wako Pure 
Chemical Industries Ltd., Osaka, Japan) based on 
cholesterol oxidase [17]. The plasma triglyceride con-
centrations were measured using a triglyceride E-test 
Wako kit (Wako Pure Chemical Industries Ltd., Osa-
ka, Japan) based on the glycerol-3-phosphate oxidase 
method [18]. The plasma phospholipid concentrations 

were measured using a phospholipid C-test Wako kit 
(Wako Pure Chemical Industries Ltd., Osaka, Japan) 
based on the choline oxidase method [19]. 

 Statistics 

 The data are expressed as the mean ± standard error 
(SE). All data were analyzed using the Sigma Plot 11 
(Systat Software, Inc., CA, USA). The data from the 
sucrose tolerance test were analyzed using one-way 
Repeated Measures Analysis of Variance. The data 
from plasma lipids were analyzed using  t -test analysis. 
Statistical signifi cance was reached with a p value of 
less than 0.05. 

  R esults 

 No signifi cant differences were observed between the 
PE group and the CE group in fi nal body weight (g) 
(PE 38.4 ± 0.5; CE 38.7 ± 0.5; p = 0.614), in food con-
sumption (g/day) (PE 4.1 ± 0.2; CE 4.3 ± 0.1; p = 0.225). 
There were no signifi cant differences in the cecal 
contents (grams) between the PE (0.33 ± 0.03) and 
CE (0.32 ± 0.04) groups (p = 0.902). No signifi cant dif-
ferences were observed in the liver weight (grams) 
of the PE (1.30 ± 0.03) and CE (1.39 ± 0.05) groups 
(p = 0.121). 

 Effects of EGCg on changes in blood glucose lev-
els of mice with oral loading of sucrose are shown in 
Figure 1. Blood glucose levels at 30 minutes and 60 
minutes after sucrose loading in the PE group were 
signifi cantly higher than initial blood glucose levels. 
However, no signifi cant differences were observed 
in the blood glucose levels between the initial blood 
glucose levels and blood glucose levels at 120 minutes 
after sucrose loading in the PE group. On the other 
hand, blood glucose levels at 30 minutes, 60 minutes, 
and 120 minutes after sucrose loading in the CE group 
were not signifi cantly higher than initial blood glu-
cose levels. In the measurements of plasma lipids, no 
signifi cant differences in the plasma cholesterol or 
plasma phospholipid concentrations were observed 
between the two groups (Figure 2). However, plasma 
triglyceride concentrations were found to be signifi -
cantly greater in the PE group than in the CE (control) 
group (Figure 2).

      Figure 1:  Effects of EGCg on changes in blood glucose levels 
of mice with oral loading of sucrose. X-axis shows the time 
after sucrose loadings. EGCg solution was administered 30 
minutes before sucrose administration to the mice in the 
PE group or the CE group. Values are means ± SE (n = 7). 
The data were analyzed using one- way Repeated Measures 
Analysis of Variance. We used multiple comparisons versus 
control group (Holm-Sidak method). The control group was 
defi ned as an initial blood sugar levels (0 minutes).   
     *Statistical signifi cance when p value < 0.05.   
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   D iscussion 

 It has been reported using a sucrose tolerance test 
that EGCg reduces blood glucose levels in the rat 
[7]. However, using a sucrose tolerance test, an apple 
pectin diet did not strongly reduce blood glucose lev-
els in mice over time. On the other hand, in the CE 
group, blood glucose levels tended to be low during 
the sucrose tolerance test. The reason for this may be 
that EGCg administered to the PE group might have 
been less effective than in the CE group. It has been 
reported that orally administered water-soluble green 
tea extract (GTE), containing EGCg, maintained 
blood glucose at lower levels than the control during 
an oral glucose tolerance test, when glucose was taken 
immediately after GTE administration [20]. From this 
report, EGCg seems to affect glucose absorption. In 
an  in vitro  experiment, inhibition of rat small intesti-
nal sucrase and α-glucosidase activities by EGCg has 
been reported [6]. EGCg inhibits enzyme activities in 
the gut. On the other hand, many investigations have 
suggested that pectin affects the absorption of dietary 
components and general metabolism of the digestive 
tract. For example, dietary pectin has been shown to 
promote gastric emptying and have a pronounced ef-
fect on increasing the distal accumulation of a meal 
[21]. It has been reported that the bioavailability of 
beta-carotene, lycopene, and lutein given within a 
mixed supplement is reduced by pectin [22]. It has also 
been reported that pectin increases zinc absorption 
[23]. Additionally, dietary pectin seems to increase 
the bioavailability of rutin in mice [24]. Health effects 
of apple pectin fi ber are related not only to the pectin 
source but also to its physicochemical properties. Gel-

forming properties in apple pectin are related to the 
degree of methoxylation [25], and it has been dem-
onstrated that high-methoxyl pectins have a greater 
inhibitory effect on glucose uptake than low-methoxyl 
pectins [26]. We used high-methoxyl pectins in our 
experiment. So, viscosity-related increase of mucosal 
unstirred layer thickness may have occurred in the PE 
group. Viscosity-related increase of mucosal unstirred 
layer thickness may affect the effi cacy of EGCg on the 
gut function by changing the mucosal environment in 
the PE group. 

 Pectin is also known to affect the small intestinal 
morphology. It has been reported that the jejunal 
crypt depth, and both the ileal villus height and crypt 
depth of the mice fed the pectin diet were signifi cantly 
greater than those of the mice fed the cellulose diet 
[27]. Rats fed a 5 % pectin diet had heavier and longer 
small intestines and heavier mucosa than the rats fed 
a fi ber-free diet [28]. From these reports, pectin seems 
to change the structure of the mucosa of the small in-
testine. Changes in the morphology of intestine might 
have been induced in the gut of the PE group. The 
effi cacy of EGCg on the sucrose tolerance test might 
have been changed by means of the altered structure 
of the mucosa of the small intestine in the PE group. 

 Pectin has also been shown to affect lipid and bile 
acid metabolism in rats. Dietary pectin increases bile 
acid pool size and changes bile acid composition in 
rats [29]. Cholesterol concentration in feces showed a 
signifi cant increase by week 3 in rats fed 5 % orange 
or apple pectin. The hepatic cholesterol concentration 
declined signifi cantly in all pectin-fed groups. Serum 
cholesterol only declined signifi cantly in apple-fed 
groups [30]. It has been reported that cholesterol ab-
sorption remained depressed in rats pre-fed pectin for 
4 weeks [31]. From these reports, it can be concluded 
that a pectin diet affects lipid metabolism; however, 
in this experiment, no signifi cant differences were 
observed in the plasma cholesterol between the PE 
and the CE diet groups. The apple pectin in the diet 
should not have strongly impacted endogenous cho-
lesterol. However, plasma triglycerides were signifi -
cantly greater in the PE group than in the CE group. 
Plasma triglyceride has been shown previously to be 
signifi cantly lower in pectin- and rutin-supplemented 
mice [24]. Further studies are needed to clarify the 
relationship between plasma triglyceride and dietary 
pectin. 

 In summary, we demonstrated that dietary pectin 
affected the effi cacy of EGCg on the oral sucrose tol-
erance test in mice. Investigation of the interaction 
between dietary fi ber and EGCg would lead to elu-
cidation of the composite effects of functional foods. 

      Figure 2:  Plasma total cholesterol, phospholipids, and tri-
glyceride concentrations of mice in the PE and CE groups. 
Values are means ± SE (n = 7). *Signifi cantly different 
(p < 0.05) from the CE group. The data were analyzed us-
ing  t -test analysis.   
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