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Summary The effect of dietary feeding of rice bran and phytic acid on the glucose metabo-
lism in high fat-fed C57BL/6N mice fed was investigated. The mice were given with either a
high fat diet only (HF group) or a high fat diet supplemented with rice bran (HF-RB group)
or phytic acid (HF-PA group) for 7 weeks. The control mice (NC group) received a normal
diet. At the end of the experimental period, the HF group exhibited substantially higher blood
glucose level than the NC group. However, the HF-RB and HF-PA groups showed a marked
decrease in the blood glucose level relative to HF mice. Furthermore, significantly higher
glucokinase (GK) activity and lower phosphoenolpyruvate carboxykinase (PEPCK) activity
were observed in HF-RB and HF-PA mice compared with that of the NC and HF ones. It was
also found that the glucose-6-phosphatase (G6pase) activity and hepatic glycogen concentra-
tion were considerably higher in HF-RB and HF-PA groups, respectively, than that of the HF
mice. These findings demonstrate that both rice bran and phytic acid could reduce the risk of
high fat diet-induced hyperglycemia via regulation of hepatic glucose-regulating enzyme

activities.
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Introduction

Diabetes mellitus, a metabolic disease characterized by
hyperglycemia and often associated with obesity, is one of
the leading causes of death in most developed countries [/].
Its incidence has rapidly increased in epidemic proportions
due to poor eating habit and sedentary lifestyle. Scientific
studies have shown that chronic consumption of a high fat
diet results in increased body weight and poor glucose
regulation [2—4]. Individuals with higher intake of fat are
more prone to develop glucose metabolism disorder, type 2
diabetes, or impaired glucose tolerance than those with
lower fat intake [5]. A wide range of oral medicines are
currently being used for treating diabetes, however, various
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side effects and high rates of secondary failures have been
associated with the available anti-diabetic medicine [6].
Thus, finding natural drugs with hypoglycemic activity has
become stronger and more urgent.

Rice bran, a by-product of rice milling industry and
commonly used as animal feed, has been the subject of many
researches for the past years due to its health-promoting
phytochemicals that have strong antioxidant activities [ 7—9]
and hypocholesterolemic effects [/0, /7]. It also contains
high amount of phytic acid (9.5-14%) [{2], a dietary fiber
component found in most grains and legumes which has
been shown to have antioxidant and anticancer properties
[13—-15]. Recent researches also revealed that phytic acid has
hypoglycemic and antihyperlipidemic effects in diabetic
mice [16, 17].

The high-fat diet-fed C57BL/6 mouse model is widely
used by researchers in investigating the pathophysiology of
impaired glucose tolerance and type 2 diabetes for the
development of new treatments [/8—20]. While the in vitro
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antioxidant potential of rice bran and phtyic acid has been
well documented, reports on their physiological functions in
relation to glucose metabolism in animal models have been
limited. Since oxidative stress is considered to be a key
factor in the development of diabetes and its associated
health disorders, the strong antioxidant activity of rice bran
and phytic acid may be useful in preventing the development
of diabetic hyperglycemia under a high fat diet condition.
Hence, this study was conducted to investigate the effects of
dietary feeding of rice bran and phytic acid on the glucose
metabolism in high fat-fed C57BL/6N mice.

Materials and Methods

Animals and diet

Thirty-two male C57BL/6N mice of 4 weeks of age,
weighing 12 g, were obtained from Orient Inc. (Seoul,
Korea). They were individually housed in stainless steel
cages in a room maintained at 25°C with 50% relative
humidity and 12/12 h light/dark cycle and fed with a
pelletized chow diet for 2 weeks after arrival. The mice
were then randomly divided into 4 dietary groups (n = 8).
The first and second groups were fed with a normal and
high fat (17%, w/w) diets, respectively, while the other two
groups were fed with high fat diet supplemented with either
rice bran (RPC, Gimcheon, Korea) or phytic acid (Tsuno,
Osaka, Japan). The composition of the experimental diet
(Table 1) was based on the AIN-76 semisynthetic diet. The
mice were fed for 7 weeks and allowed free access to food
and water during the experimental period. The daily food
intake of mice was constant (3 g/day) throughout the study.

Table 1.  Composition of the experimental diets (%)

Dietary group'

Component
NC HF HF-RB HF-PA

Casein 20 20 16.7 20
DL-Methionine 0.3 0.3 0.3 0.3
Sucrose 50 50 36.46 49.5
Corn starch 15
Cellulose 5 5
Corn oil 5 3 3
Cholinbitartrate 0.2 0.2 0.2 0.2
Mineral mixture? 3.5 3.5 1.34 3.5
Vitamin mixture? 1 1 1 1
Lard 17 14 17
Rice bran 30
Phytic acid 0.5
Total (%) 100 100 100 100

"' NC, normal diet; HF, high fat diet; HF-RB, high fat diet + rice
bran; HF-PA, high fat diet + phytic acid. > AIN-76 mineral mix-
ture. 3 AIN-76 vitamin mixture.
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At the end of the experimental period, the mice were anaes-
thetized and sacrificed. Blood samples were collected and
centrifuged at 1,000 x g for 15 min at 4°C to obtain the
plasma. The livers were removed, rinsed with physiological
saline and stored at —70°C until analysis.

Measurement of blood glucose level

The blood glucose level in mice was measured using
Accu-Chek Active Blood Glucose Test Strips (Roche
Diagnostics GmbH, Mannheim, Germany). Blood samples
were drawn from the tail vein of the mice before and after 3
and 7 weeks of feeding the animals with experimental diets.

Determination of insulin and glycogen levels

The insulin content was measured using radioimmuno-
assay kits (TMB Mouse Insulin ELISA kit, Sibayagi, Gunma,
Japan). The glycogen concentration in liver was determined
using the method described by Seifter ef al. [21]. Fresh liver
(100 mg) was mixed with 30% KOH and heated at 100°C
for 30 min. The mixture was then added with 1.5 mL ethanol
(95%, v/v) and kept overnight at 4°C. The pellet was mixed
with 4 ml distilled water. A 500 pL of the mixture was added
with 0.2% anthrone (in 95% H2SO4) and the absorbance of
the sample solution was measured at 620 nm. The results
were calculated on the basis of a standard calibration curve
of glucose.

Measurement of hepatic glucose-regulating enzyme activities

The hepatic enzyme source was prepared according to the
method developed by Hulcher and Oleson [22]. Briefly, the
liver tissue (0.3 g) was homogenized with 6 mL Tris buffer
and the homogenates were then centrifuged at 600 x g for
10 min at 4°C. The supernatant was ultracentrifuged at
100,000 x g for 1 h at 4°C to isolate the cytosolic fraction for
glucokinase (GK) and phosphoenolpyruvate carboxykinase
(PEPCK) assay. The residue was mixed with 1 mL Tris
buffer and re-ultracentrifuged at 100,000 x g for 1 h at 4°C.
The supernatant was discarded and the residue was collected
for the G6pase assay. The GK activity was determined based
from the method of Davidson and Arion [23] with slight
modification. A 0.98 mL of the reaction mixture containing
50 mM Hepes-NaOH (pH 7.4), 100 mM KCI, 7.5 mM
MgCla, 2.5 mM dithioerythritol, 10 mg/mL albumin, 10 mM
glucose, 4 units of glucose-6-phosphate dehydrogenase,
50 mM NAD" and 10 uL cytosol was pre-incubated at
37°C for 10 min. The reaction was initiated with the addition
of 10 uL of 5 mM ATP and the mixture was incubated at
37°C for 10 min. The change in absorbance at 340 nm was
recorded. The glucose-6-phosphatase (G6pase) activity was
measured using the method described by Alegre et al. [24].
The reaction mixture contained 765 pL of 131.58 mM
Hepes-NaOH (pH 6.5), 100 pL of 18 mM EDTA (pH 6.5),
100 uL of 265 mM glucose-6-phosphate, 10 pL. of 0.2 M
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NADP*, 0.6 IU/mL mutarotase and 0.6 [lU/mL glucose
dehydrogenase. After pre-incubation at 37°C for 3 min,
the mixture was added with 5 pL microsome and incubated
at 37°C for 4 min. The change in absorbance at 340 nm
was measured. The PEPCK activity was determined based
from the method developed by Bentle and Lardy [25]. The
reaction mixture consisted of 72.92 mM sodium Hepes
(pH 7.0), 10 mM dithiothreitol, 500 mM NaHCOs, 10 mM
MnClz, 25 mM NADH, 100 mM IDP, 200 mM PEP, 7.2 unit
of malic dehydrogenase and 10 puL cytosol. The enzyme
activity was determined based from the decrease in the
absorbance of the mixture at 350 nm at 25°C.

Statistical analysis

All data are presented as the mean + SE. The data was
evaluated by one-way ANOVA using a Statistical Package
for Social Sciences software program (SPSS Inc., Chicago,
IL) and the differences between the means were assessed
using Duncan’s multiple range test. Statistical significance
was considered at p<0.05.

Results

Body weight gain

Prior to feeding the mice with the experimental diets, all
the animals exhibited similar body weights. However, at the
end of the experimental period, a substantial increase in the
body weight of HF mice was observed relative to that of the
control group (data not shown). The HF-RB and HF-PA
groups, on the other hand, showed considerably lower body
weights than the HF group, suggesting that both rice bran
and phytic acid could control the increase in body weight of
mice under high fat diet condition.

Blood glucose levels

The initial blood glucose levels in mice prior to feeding
with experimental diets did not significantly differ among
the groups (Fig. 1). However, high-fat feeding resulted in a
marked increase in the glucose level of mice after 3 and 7
weeks. On the final week, the HF-RB and HF-PA mice
exhibited substantially lower glucose level compared with
the HF group.

Insulin and glycogen levels

There was no significant difference in the insulin level
among the mice groups (Table 2). Supplementation with rice
bran in the diet did not significantly change the glycogen
content in mice. On the other hand, the hepatic glycogen
content was considerably higher in HF-PA group than that of
the control and HF mice.

Hepatic glucose-regulating enzyme activities
The hepatic GK enzyme activity was significantly higher
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Fig. 1.  Effect of rice bran and phytic acid supplementation on
the blood glucose level in high fat fed-mice. Means not
sharing a common superscript are significantly different
at p<0.05 (n=28). NC, normal diet; HF, high fat diet;
HF-RB, high fat diet+rice bran; HF-PA, high fat
diet + phytic acid.

Table 2.  Insulin and glycogen concentrations' in mice fed with
high fat diet supplemented with rice bran and phytic

acid

Dietary group’ Insulin (ng/mL) Glycogen (mg/g liver)

NC 1.58£0.01* 2.55+0.16°
HF 1.45£0.01° 3.14£0.212
HF-RB 1.87 £0.022 3.91 +1.33®
HF-PA 2.41 £0.04° 5.77 £0.92°

! Values are means + SE (n = 8). Means in the same column not
sharing a common superscript are significantly different at p<0.05,
which pertains to the “a and b”, in the table. 2 NC, normal diet; HF,
high fat diet; HF-RB, high fat diet + rice bran; HF-PA, high fat
diet + phytic acid.

in mice fed with rice bran and phytic acid than that of the
control and HF-fed ones (Fig. 2). While high fat feeding did
not significantly affect the activities of G6pase and PEPCK
enzymes (Figs.3 and 4), dietary feeding of rice bran
suppressed the elevation of G6pase activity (Fig. 3). More-
over, both HF-RB and HF-PA groups exhibited significantly
lower PEPCK activity than that of the NC and HF ones

(Fig. 4).
Discussion

In vitro studies on the antioxidant capacity of rice bran
and phytic acid revealed that these plant components have
strong antioxidant activity [/3, 26]. Since diabetes is a free
radical-mediated disease, the effect of rice bran and phytic
acid on the glucose metabolism in high fat-fed mice was
investigated. In the present study, a high fat-diet resulted
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Fig. 2.  Effect of rice bran and phytic acid supplementation on
the hepatic GK enzyme activity in high fat fed-mice.
Bars not sharing a common superscript are significantly
different at p<0.05 (n = 8). NC, normal diet; HF, high fat
diet; HF-RB, high fat diet + rice bran; HF-PA, high fat
diet + phytic acid.
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Fig. 3.  Effect of rice bran and phytic acid supplementation on

the hepatic G6pase enzyme activity in high fat fed-mice.
Bars not sharing a common superscript are significantly
different at p<0.05 (» = 8). NC, normal diet; HF, high fat
diet; HF-RB, high fat diet + rice bran; HF-PA, high fat
diet + phytic acid.

in a marked increase in the blood glucose level in mice.
However, both rice bran and phytic acid were able to
suppress the increase in glucose concentration. Previous
investigations also showed that rice bran powder and its
water soluble fraction could decrease serum glucose level in
human subjects with diabetes [27, 28]. It was also found
that the fiber components of rice bran isolated from watery
extract exhibited hypoglycemic effect in mice with normal
serum glucose [29]. Likewise, Lee et al. [17] reported that
dietary feeding of phytic acid resulted in a significant
reduction in the blood glucose levels in diabetic mice.

The antihyperglycemic action of rice bran and phytic acid
is probably associated with the marked enhancement of GK
activity and inhibition of G6pase and PEPCK in the liver.
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Fig. 4.  Effect of rice bran and phytic acid supplementation on

the hepatic PEPCK enzyme activity in high fat fed-mice.
Bars not sharing a common superscript are significantly
different at p<0.05 (n = 8). NC, normal diet; HF, high fat
diet; HF-RB, high fat diet + rice bran; HF-PA, high fat
diet + phytic acid.

Hepatic GK enzyme plays a major role in the regulation of
glucose homeostasis [30]. An increase in the expression of
hepatic GK could cause an increase in the utilization of
blood glucose for energy production or glycogen storage in
the liver [37], thereby resulting in reduced blood glucose
level. G6pase and PEPCK enzymes, on the other hand,
regulate gluconeogenesis and glucose output in the liver
[30, 32]. Hence, a decrease in G6pase and PEPCK activities
signifies a decrease in hepatic glucose production. Although
no significant difference was observed in the insulin levels
among the groups, the results suggest that mice fed with
rice bran and phytic acid had a tendency towards higher
insulin levels than animals fed with high fat diet alone. An
enhanced rate of glycogenesis was observed in HF-PA
mice, as manifested by a significant increase in the hepatic
glycogen concentration. The HF-RB group also showed a
relatively higher glycogen content than HF and NC mice,
although the difference is not statistically significant. The
activities of hepatic glucose-regulating enzymes are reported
to be partly regulated by insulin. High levels of insulin were
shown to inhibit hepatic glucose production via stimulation
of GK gene transcription and glycogen synthesis and inhibi-
tion of gluconeogenesis [3/, 32].

A high fat diet negatively affects glucose metabolism and
the regulation of blood glucose is essential in preventing
the development of diabetes. Hyperglycemia promotes the
formation of reactive oxygen species (ROS), which cause
cellular damage [33]. The liver undergoes free radical-
mediated injury in diabetes, and an increased ROS is related
to the damage of hepatic glucose-regulating enzymes [34].
Antioxidants have long been recognized as a means of
treating diabetes as they were shown to reduce blood
glucose concentrations by protecting the cells against the
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toxic effects of ROS under hyperglycemic condition [35,
36]. Although the antioxidant potential of rice bran and
phytic acid has been well documented, further studies are
still needed to elucidate the underlying mechanism of the
antihyperglycemic action of rice bran and phytic acid in
order to have a better understanding of their therapeutic
potential.

Conclusion

Results of this study demonstrate that rice bran and phytic
acid could improve the blood glucose metabolism in high
fat-fed C57BL/6N mice. The enhanced glucose metabolism
may be partly due to the activation of GK, and inhibition of
Go6pase and PEPCK enzymes in the liver. The hypoglycemic
effect of rice bran and phytic acid illustrates that these plant
components may be beneficial for the treatment of diabetic
hyperglycemia.
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