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Abstract 

Purpose: To investigate the protective potential of rice bran water extract (RBE) from Khao Dawk Mali 
105 on pancreatic abnormalities in high-fat diet (HFD)-induced obese rats. 
Methods: Male Sprague-Dawley rats were divided into 4 groups: control group, HFD group, and HFD 
group treated with RBE at 2,205 or 4,410 mg/kg/day. After 4 weeks, body weight, glucose homeostatic 
parameters, and pancreatic fat accumulation were assessed. mRNA expression levels of sterol 
regulatory element-binding protein-1c (SREBP-1c), insulin receptor substrate-2 (IRS-2), glucose 
transporter-2 (GLUT-2) and glucokinase (GK) genes in pancreas were also analyzed. 
Results: Compared with HFD group, two doses of RBE-treated rats significantly (p < 0.05) reversed 
HFD-induced obesity, hyperglycemia, impaired glucose tolerance and pancreatic triglyceride 
accumulation in rats. Histological examination of HFD-induced obese rats revealed fat droplets in acinar 
cells, but these alterations were ameliorated in RBE-treated rats. RBE treatment showed significantly (p 
< 0.05) decreased SREBP-1c expression, and also significantly (p < 0.05) increased IRS-2, GLUT-2 
and GK expressions in pancreas. 
Conclusion: RBE consumption may attenuate pancreatic abnormalities by inhibiting fat accumulation, 
as well as enhancing insulin sensitivity and glucose sensing in the pancreas of HFD-induced obese rats.  
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INTRODUCTION 
 
Obesity, especially abdominal obesity, appears 
to play an important role in the impairment of 
glucose and lipid metabolism, such as 
hyperglycemia, insulin resistance, ectopic fat 
deposition and dyslipidemia [1,2]. Consumption 
of high-energy diets with increased saturated 
and/or trans-fats, an important environmental 
cause of obesity, are also associated with the 
initiation of these metabolic disturbances [2]. 

Under physiological conditions, the pancreas is 
an important organ for the regulation of cellular 
and whole-body energy homeostasis. Pancreatic 
abnormalities linked to the development of 
obesity, insulin resistance and type 2 diabetes 
(T2D) [3,4]. Pancreatic steatosis can occur in the 
presence of obesity [5]. Sterol regulatory 
element-binding protein-1c (SREBP-1c) is now 
well established as a key transcription factor in 
the regulation of lipogenesis in the pancreas [6]. 
A previous report has indicated that activation of 
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SREBP-1c is essential for impaired insulin 
secretion and islet mass associated with the 
accumulation of triglycerides (TG) [7]. 
 
Insulin signals are mediated by tyrosine 
phosphorylation of the insulin receptor and its 
downstream targets, such as insulin receptor 
substrate-2 (IRS-2). IRS-2 acts as important 
coordinator of insulin signaling. It plays a major 
role in maintaining pancreatic structure and 
function by regulating insulin secretion and 
pancreatic cell mass [8]. Down-regulation of IRS-
2 gene in the β-cells led to impaired glucose-
stimulated insulin secretion (GSIS) [8,9]. In 
addition, impaired glucose sensing of the 
pancreatic β-cell resulted in the decrease of 
insulin secretion, thus promoting of glucose 
intolerance in a human study [10]. This 
impairment is believed to be initiated after the 
down-regulation of glucose transporter-2 (GLUT-
2) and glucokinase (GK) gene, which are 
important glucose-sensing genes [11]. 
 
There are many reports on anti-obesity [12], anti-
dyslipidemic [13], and antioxidant [13] effects of 
rice bran extract. According to previous research 
[14], consumption of rice bran water extract 
(RBE) may reduce hyperglycemia and 
hyperlipidemia in humans with diabetes mellitus. 
Consumption of RBE (at least 2,205 mg /kg) also 
reduced abdominal fat weight, hyperglycemia 
and hyperlipidemia in HFD-fed rats [15]. These 
studies indicate a role for RBE in the regulation 
of glucose and lipid, but the mechanisms that 
regulate fat accumulation and insulin signaling in 
pancreas remains unknown. Therefore, the aim 
of this study was to investigate the protective 
effect of RBE on pancreatic abnormalities in 
HFD-induced obese rats. 
 
EXPERIMENTAL 
 
Chemicals 
 
Rat insulin ELISA kit was purchased from 
Mercodia Co. (Sweden). Fluitest lipid assay kit 
was purchased from Analyticon Biotechnologies 
AG Co. (Germany). Trizol reagent was 
purchased from Invitrogen Co. (USA), cDNA 
synthesis and real-time polymerase chain 
reaction (PCR) kit were purchased from Applied 
Biosystems Co. (USA). All other reagents used 
were of analytic grade. 
 
RBE Preparation 
 
Rice bran of Khao Dawk Mali 105 was purchased 
from the Rice Fund Surin Organic Agriculture 
Corporative, Ltd. (Surin Province, Thailand). For 
extraction, about 2 kg sample of stabilized rice 

bran was mixed with 8 L of distilled water and 
boiled at 70 °C for 60 min. Then, the extract was 
centrifuged at 8,000 rpm at 25 °C for 10 min to 
recover the supernatant fraction containing the 
water-soluble extract, designated RBE. The RBE 
solution was lyophilized and then stored at −40 
°C until use. The process of preparation has 
been described in details by Qureshi et al [14]. 
For animal treatment, RBE was dissolved in 
distilled water. 
 
Animals 
 
Male Sprague-Dawley rats (weight 180 - 220 g) 
were obtained from the National Laboratory 
Animal Center of Mahidol University, Thailand 
and allowed to acclimate to the animal facility for 
1 week before being fed experimental diets. All of 
the rats were housed at 24 ± 1 °C with a 12-h 
light-dark cycle. The animal care and use was 
performed according to guidelines of National 
Research Council (NRC) [16]. The ethical 
approval for conducting animal study was 
obtained from the Animal Ethics Committee of 
Thammasat University, Pathum Thani, Thailand 
(approval ref no. AE 002/2013). 
 
Experimental design 
 
Four groups of 6 rats were established as 
follows: Group 1 (C) was maintained on a 
standard chow (13 % energy as fat)  based on a 
commercial diet (No. 082G, Charoen Pokphand 
Foods, Thailand); Group 2 (HF) was fed with 
HFD (65 % energy as fat) and it was prepared as 
previously described [17] with minor 
modifications; Group 3 (HFR1) was fed with HFD 
and RBE 2,205 mg/kg/day; and Group 4 (HFR2) 
was fed with HFD and RBE 4,410 mg/kg/day. 
RBE was suspended in distilled water. RBE-
treated rats were orally administered daily using 
a feeding needle. All of the rats were allowed 
free access to food and water. Food intake was 
measured daily, and the rats were weighed daily. 
After 4 weeks of treatment, the rats were 
euthanized with an overdose of pentobarbital 
sodium (intraperitoneal injection), and the 
pancreas tissues were rapidly excised for 
biochemical analyses and histological 
examinations. 
 
Determination of glucose tolerance, fasting 
blood glucose (FBG), and serum insulin 
levels 
 
At the end of treatment, rats of each group were 
orally gavaged with glucose at 2.0 g/kg for oral 
glucose tolerant test (OGTT), after an overnight 
fast. Blood samples were collected from the tail 
vein at 0 (FBG), 30, 60, 90, 120, and 150 min. 
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Blood glucose levels were measured by a 
glucometer (Roche, Switzerland). The area 
under the curve of blood glucose levels (AUC-G), 
which indicated the total amount of blood glucose 
from 0 to 150 min, was determined. Insulin levels 
were measured by enzyme-linked 
immunosorbent assay (ELISA) kit. 
 
Measurement of pancreatic TG accumulation  
 
Pancreatic TG content was extracted from fresh 
pancreas (50 mg) using isopropanol according to 
Oakes et al [18]. The concentration of TG was 
measured using Fluitest lipid assay kits and 
expressed as mg/g tissue. 
 
Real-time PCR analysis 
 
Total pancreatic RNA was extracted by the 
TRIzol isolation method according to the 
manufacturer’s protocol (Invitrogen, USA). For 
quantitative real-time PCR, the first strand cDNA 
was synthesized from 200 ng of total RNA using 
high capacity cDNA reverse transcription kits. 
Samples were subjected to quantitative 
amplification using TaqMan probe and primer 
sets for rat SREBP-1c (Rn01495769_m1), IRS-2 
(Rn01482270_s1), GLUT-2 (Rn00563565_m1) 
and GK (Rn00561265_m1). The relative mRNA 
levels were analyzed by 2-ΔΔCT method. 
Expressions of target gene were normalized with 
β-actin gene (Rn00667869_m1) expression as a 
housekeeping gene. 
 
Histological examination 
 
Briefly, the rat pancreatic tissues were fixed with 
10 % formalin, embedded in paraffin, sectioned 
and stained with hematoxylin and eosin (H and 
E). The stained sections were examined for 
morphology under a light microscope (Eclipse Ci-
L microscope, Nikon, Japan) equipped with a 
digital camera (DS-Fi2 microscope camera, 
Nikon). Mean area of islets were calculated in ten 
islets per pancreatic section for each rat (n = 
3/group). Area of the islets was measured by 

Axiovision AC microscopy software (Carl Zeiss, 
Germany). 
 
Statistical analysis 
 
Data are presented as mean ± standard error of 
the mean (SEM). Statistical analysis was 
performed using the SPSS program (version 
16.0). Data were analyzed by one-way analysis 
of variance (ANOVA). Differences between 
groups were established using least significant 
difference (LSD) test and significance level was 
set at p < 0.05. 
 
RESULTS 
 
Effect of RBE on dietary intake and body 
weight 
 
As shown in Table 1, C group consumed 
significantly (p < 0.05) more food than HF group 
per day. However, the energy intake was 
significantly (p < 0.05) higher in HF, HFR1 and 
HFR2 groups than in C group. Food and energy 
intakes were not significantly (p < 0.05) different 
among HFD-fed rats. The initial body weight of 
rats before treatment did not significantly (p < 
0.05) differs among the experimental groups. 
After 4 weeks, the final body weight and body 
weight gain of rats were significantly (p < 0.05) 
increased in the HF group compared with the C 
group. However, these elevations were 
significantly (p < 0.05) decreased after rats were 
treated with the RBE. 
 
Effect of RBE on glucose homeostatic 
parameters 
 
Table 2 shows the effect of RBE on glucose 
homeostatic parameters. The HF group exhibited 
significantly (p < 0.05) higher levels of FBG, 
serum insulin and AUC-G than C group. 
Interestingly, treatment with RBE in HFR1 and 
HFR2 groups significantly (p < 0.05) decreased 
both FBG and serum insulin levels as compared 
with the HF group. 

 
Table 1: Effect of RBE on dietary intake and body weight in HFD-induced obese rats 
 
Parameter C HF HFR1 HFR2 
Dietary intake     
   Food (g/day) 23.21 ± 0.05a 19.07 ± 0.33b 18.59 ± 0.55b 18.23 ± 0.54b 
   Energy (kcal/day) 70.56 ± 0.16b 97.66 ± 1.69a 95.21 ± 2.8a 94.84 ± 2.06a 
Body weight     
   Initial (g) 244.30 ± 2.08a 243.69 ± 1.80a 244.06 ± 1.20a 241.34 ±1.80a 
   Final (g) 366.05 ± 0.93b 413.24 ± 2.28a 367.20 ± 6.85b 358.78 ±7.35b 
   Gain (g) 123.55 ± 1.13b 168.52 ± 1.86a 121.45 ± 3.98b 117.58 ±7.72b 
Values are presented as means ± SEM (n = 6). Mean values with unlike letters along the same row each 
parameters are significantly different (p < 0.05). C: control; HF: HFD alone; HFR1: HFD + RBE 2,205 mg/kg; 
HFR2: HFD + RBE 4,410 mg/kg 
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AUC-G showed a tendency to be reduced in the 
HFR2 group compared with the HF group, but 
the difference was not significant. However, 
HFR1 group exhibited significantly (p < 0.05) 
lower AUC-G than HF group. 
 
Effect of RBE on histology of pancreatic 
tissue 
 
When compared to the C group, the area of islet 
was significantly (p < 0.05) higher in the HF 
group (17976.0 ± 1543.0 µm2). The HFR1 and 
HFR2 groups exhibited significantly (p < 0.05) 
lower islet area than the HFD alone group 
(10170.1 ± 626.7 and 11847.0 ± 2898.8 µm2, 
respectively). Examination of H and E-stained 
sections of the pancreatic islets and acinar cells 
in the C group revealed no obvious changes 
(Figure 1A and 1B, respectively). Irregular and 
larger shapes of islets were observed after the 
rats were fed with HFD for 4 weeks. In addition, 
vacuoles were obvious in acinar cells of obese 
rats. The islets of HFR1 and HFR2 groups that 
received RBE showed smaller shape than those 
in the HF group. Moreover, acinar cells of the 
RBE-treated rats displayed decreased vacuoles 
compared to the HF group. 

Effect of RBE on fat accumulation in 
pancreatic tissue 
 
As presented in Figure 2, HF group exhibited 
significantly (p < 0.05) increased both pancreatic 
TG and SREBP-1c mRNA levels as compared 
with C group. However, the pancreatic TG and 
SREBP-1c mRNA levels were significantly (p < 
0.05) decreased in RBE-treated rats compared 
with the rats fed an HFD alone. 
 
Effect of RBE on pancreatic insulin signaling 
and glucose-sensing pathways 
 
Compared with the C group, the mRNA levels of 
IRS-2, GLUT-2 and GK were significantly (p < 
0.05) decreased in the HFD alone feed group 
(Figure 5A, 5B and 5C, respectively). In contrast 
to the HF group, GLUT-2 and IRS-2 mRNA 
levels were significantly (p < 0.05) increased in 
the HFR1 and HFR2 groups compared with the 
HF group. GK mRNA levels were also 
significantly (p < 0.05) increased in the HFR1 
group. HFR2 group also showed a tendency 
towards increased GK expression, but the 
difference was not significant. 

 
Table 2: Effect of RBE on glucose homeostatic parameters in HFD-induced obese rats 
 
Parameter C HF HFR1 HFR2 
FBG (mg/dL) 105.00 ± 1.53b 116.17 ± 1.05a 105.67 ± 1.45b 107.33 ± 2.30b 
Insulin (mU/L) 35.46 ± 2.86b 45.06 ± 1.93a 32.21 ± 1.32b 33.10 ± 3.50b 
AUC-G 
(mg/dL·min) 2530.29 ± 110.88c 4025.00 ± 244.85a 2922.74 ± 339.02b,c 3379.03 ± 226.76a,b 

Values are presented as means ± SEM (n = 6). Mean values with unlike letters along the same row each 
parameters are significantly different (p < 0.05). C: control; HF: HFD alone; HFR1: HFD + RBE 2,205 mg/kg; 
HFR2: HFD + RBE 4,410 mg/kg 
 

 
Figure 1: Effect of RBE on histology (H and E staining) of pancreatic islets (400× magnification; scale bar = 50 
µm) (A) and acinar cells (1,000× magnification; scale bar = 100 µm) (B) in HFD-induced obese rats. Arrows 
represent clear vacuoles in pancreatic acinar cells. C: control; HF: HFD alone; HFR1: HFD + RBE 2,205 mg/kg; 
HFR2: HFD + RBE 4,410 mg/kg  
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Figure 2: Effect of RBE on pancreatic TG (A) and SREBP-1c mRNA expression (B) in the pancreas of HFD-
induced obese rats. Data are means ± SEM (n = 6). Mean values with unlike letters are significantly different (p < 
0.05). C: control; HF: HFD alone; HFR1: HFD + RBE 2,205 mg/kg; HFR2: HFD + RBE 4,410 mg/kg 
 

 
Figure 3: Effects of RBE on mRNA expression levels of IRS-2 (A), GLUT-2 (B) and GK (C) in the pancreas of 
HFD-induced obese rats. Data are means ± SEM (n = 6). Mean values with unlike letters are significantly 
different (p < 0.05). C: control; HF: HFD alone; HFR1: HFD + RBE 2,205 mg/kg; HFR2: HFD + RBE 4,410 mg/kg 
 
DISCUSSION 
 
Impaired glucose and lipid metabolism, such as 
hyperglycemia, insulin resistance, ectopic fat 
deposition, and dyslipidemia, are the common 
pathological features of obesity and are 
associated with pancreatic abnormalities [1,4]. 
HFD was used in the present study to mimic 
human diets that have been linked to the 
development of metabolic syndrome [2]. After 4 
weeks of feeding, HFD consumption produced 
changes in metabolic parameters including 
elevated body weight associated with excessive 
abdominal fat deposition (data not shown), 
hyperglycemia, hyperinsulinemia and impaired 
glucose tolerance. In the present study, the 
administration of RBE caused a significant 
reduction in these metabolic changes in rats fed 
with HFD. Thus, our results imply that RBE 
treatment may lead to amelioration of HFD-
induced obesity and metabolic disturbances. 
These results further support the anti-obesity and 
hypoglycemic properties of RBE previously 
reported in animal models of metabolic syndrome 
[12,15]. Moreover, rice bran protein and phytic 
acid, the important bioactive compounds in rice 
bran, have also been shown to exert significant 
hypoglycemic effects in high-calorie-fed animals 
[19,20]. 

We also evaluated the effect of RBE on HFD-
induced ectopic fat deposition in the pancreas. 
Excessive lipid accumulation in the pancreas can 
promote insulin resistance, oxidative stress and 
apoptosis in tissues [21]. SREBP-1c has been 
proposed as a major lipogenic transcription factor 
in various tissues including the pancreas [6]. 
Activation of SREBP-1c in response to various 
metabolic stimuli, including hyperinsulinemia, 
hyperglycemia and high FFA levels, results in the 
up-regulation of lipogenic genes [7,22]. The up-
regulation of this transcription factor in the 
pancreas was found in association with the 
accumulation of TG [6,23]. In the present study, 
histological examination of pancreatic acinar 
cells in HFD-induced obese rats revealed 
marked accumulation of fat droplets, indicating 
ectopic fat deposition in the pancreas. Similar 
results were found in animal models of metabolic 
syndrome [24,25]. In parallel, HFD-fed rats also 
showed a marked increase in TG levels in the 
pancreas along with up-regulated SREBP-1c 
expression. However, treatment with RBE 
markedly lowered pancreatic fat deposition and 
SREBP-1c mRNA levels in rats fed an HFD. Our 
results indicate that the RBE treatment may 
prevent ectopic fat deposition in the pancreas, at 
least in part, via a decrease in SREBP-1c 
expression. The inhibitory effect of RBE on 
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SREBP-1c may be mediated, at least in part, by 
the reduction of serum insulin and glucose levels. 
 
IRS-2 plays an important role in regulating 
pancreatic mass, insulin synthesis and glucose 
sensing. Under HFD conditions, down-regulation 
of IRS-2 was observed in the pancreas in 
association with impairment of pancreatic mass 
and function [26]. In addition to the abnormal 
insulin signaling, down-regulations of GLUT-2 
and GK genes were observed in the pancreas 
induced by HFD, thus reducing glucose sensing 
[11]. The down-regulation of IRS-2, GLUT-2 and 
GK genes may, therefore, lead to hyperglycemia 
and glucose intolerance [8,11]. In agreement with 
previous reports, we found that after HFD 
feeding, pancreatic IRS-2, GLUT-2 and GK 
mRNA levels were decreased, thus, suggesting 
that HFD might interfere with insulin signaling 
and glucose-sensing pathways in the pancreas. 
However, the current results showed that RBE 
treatments were able to up-regulate IRS-2, 
GLUT-2 and GK gene in the pancreases of HFD-
fed rats. Thus, our findings suggest that RBE 
treatments might prevent impairment of insulin 
signaling and glucose-sensing pathways in the 
pancreas.  
 
CONCLUSION 
 
RBE consumption can attenuate abnormalities in 
the pancreas by reducing fat deposition as well 
as improving insulin signaling and glucose 
sensing. These protective effects may be via the 
inhibition of lipogenic gene (SREBP-1c) 
expression and activation of insulin signaling and 
glucose-sensing gene (IRS-2, GLUT-2 and GK) 
expression. Thus, the protective effect of RBE 
may be attributed to improved glucose 
homeostasis in HFD-induced obesity condition. 
Hence, RBE may be useful as an alternative 
nutritional complement in combination with other 
preventive and therapeutic strategies against 
pancreatic abnormalities associated with obesity.  
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