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Abstract: Background: Hyperglycemia increases nuclear factor kappa B (NFκB) expression and promotes cellular injury. 
Quercetin and omega-3 are expected to regulate NFκB expression. This study aims to measure the effect of combination 
therapy with quercetin and omega-3 in lowering the expression of NFκB in the pancreatic tissue of rats with type-2 DM 
as compared to those treated with monotherapy with either agent. 

Methods: This experimental study involved the use of a paraffin block of pancreatic tissue from 24 male Wistar rats aged 
3 months, weighing between 250 g and 350 g. All rats underwent induction of type-2 DM and were divided into 4 groups: 
K1 (treated daily with placebo), K2 (treated with quercetin at 20 mg·kgBW-1·d-1), K3 (treated with omega-3 at 100 
mg·kgBW-1·d-1), and K4 (treated with quercetin at 20 mg·kgBW-1·d-1 and omega-3 at 100 mg·kgBW-1·d-1). Treatments 
were administered orally for four weeks. Once the treatment was completed, samples of pancreatic tissue were collected 
for the measurement of the percentage of NFκB expression using immunohistochemical (IHC) staining. 

Results: The average level of NFκB expression in the pancreatic nuclei of DM rats treated with the combination of 
omega-3 and quercetin was significantly lower than that of those treated with placebo, quercetin only, or omega-3 only (p 
< 0.05).  

Conclusion: The combination of quercetin at 20 mg·kgBW-1·d-1 and omega-3 at 100 mg·kgBW-1·d-1 is significantly more 
effective in lowering the percentage of NFκB in pancreatic nuclei than monotherapy with either agent. 
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1. INTRODUCTION 

Diabetes mellitus (DM) is a chronic acquired 
hyperglicemia which affects every system in the body 
as a result of the interaction between the environment 
and genetic factors [1]. The main sign of type-2 DM is 
the presence of insulin resistence which causes 
chronic hyperglycemia. Hyperglicemia leads to 
increased production of free radicals, especially 
reactive oxygen species (ROS), in all tissues owing to 
autooxidation of glucose and glycosylation of protein. In 
chronic hyperglicemia, there is an imbalance between 
ROS and antioxidant-mediated cell defense. The state 
of DM also interferes with lipid metabolism, as 
evidenced by the increase in lipid peroxidation which 
results in increased oxidative stress. The increase in 
oxidative stress plays an important role in the 
development of atherosclerotic diseases and 
complications such as cardiomiopathy and heart 
failure. Furthermore, the increasing levels of free 
radicals destroy pancreatic β-cells which will result in 
reduction in insulin production, increasing the severity 
of the existing hyperglycemia [2]. 
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In type-2 diabetes mellitus, chronic hyperglycemia 
increases the levels of advanced glycation end 
products (AGEs) thus it will bind to receptor for 
advanced glycation end-products (RAGE). Evidence 
from various studies shows that AGEs are involved in 
inflammatory processes, ROS development, and 
production of AGE. Receptor for AGE interaction with 
ligands activates various pathways, including oncogene 
protein p21(ras) (p21ras), extracellular signal–
regulated kinases (Erk) 1/2, mitogen-activated protein 
kinase (MAPK), and stress activated protein kinase/Jun 
N-terminal kinase (SAPK/JNK) MAP kinase. The 
activation of these pathways results in the translocation 
of nuclear factor kappa B (NFκB). Translocation of 
NFκB to the nucleus increases the transcription of 
various proteins (i.e. vascular endothelial growth factor 
(VEGF), monocyte chemoattractant protein-1 (MCP-1), 
vascular cell adhesion molecule-1 (VCAM), and 
intracellular adhesion molecule-1 (ICAM-1), as well as 
proinflammatory cytokines (i.e. interleukin (IL) -1β, IL-6, 
IL-18, and tumor necrosis factor (TNF)-α which have 
damaging effects on various cells in various organs, 
including pancreas, resulting in the development of 
complications in type-2 DM [3]. 

Currently, antihyperglycemic drugs remained the 
principal therapy for the management of type-2 DM. 
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According to previous studies, the use of 
antihyperglycemic drugs alone is less effective in 
reducing oxidative stress and free radicals than its use 
in combination with antioxidants [4]. Management of 
DM which only aims to lower blood glucose level is less 
effective in preventing complications than a 
management modality which aims to lower blood 
glucose level and oxidative stress [5]. 

Previous studies show that long-term use of a single 
antihyperglicemic drug may result in various side 
effects, e.g. obesity [6]. Intensive therapy using insulin 
or sulfonylureas are shown to cause weight gain in DM 
patients. The use of hypoglycemic drugs may also 
result in death due to severe hypoglycemia [7]. 

The inclusion of antioxidants in the management of 
DM has several advantages. Antioxidants can reduce 
glucotoxicity caused by oxidative stress and, in turn, 
prevent pancreatic β-cell injury and regulate glucose 
metabolism [8]. Flavanoids, such as quercetin, are 
proven to prevent hepatic cell death in DM-induced rats 
and can enhance the cellular defense mechanism by 
increasing the production and activity of antioxidative 
enzymes, such as catalase and heme oxygenase 
(HO)-1, resulting in the reduction of oxidative stress 
caused by free radicals [9]. 

Quercetin has been proven to lower blood glucose 
level, normalise the result of oral glucose tolerance 
test, and increase the function and activity of 
pancreatic β-cells [10]. Quercetin is also found to 
protect rats with streptozotocin (STZ)-induced DM from 
nerve-tissue injury and decreased kidney function. 
Administration of quercetin for 30 days plays an 
important role in reducing diabetic neuropathy and 
neuropathic pain in rats with STZ-induced DM [11]. 
Administration of quercetin in DM patients can also 
reduce inflammatory reaction [10]. 

DM patients tend to fall in dyslipidemic state and, 
thus, require attention for the prevention of consequent 
cardiovascular diseases [12]. Omega-3 is known to 
have an antiatherogenic effect and improves the results 
of the lipid profile test. Its atherogenic effect is also 
obtained through its ability to produce substances 
which inhibit the formation of thrombus, lowering the 
risk of cardiovascular diseases in dyslipidemia [13]. 
Omega-3 also reduces NFκB expression and the 
production of inflammatory mediators, such as TNFα, 
interleukin-1, and interleukin-6, as well as inhibits the 
apoptosis of pancreatic β-cell through the activity of 
caspase-3 [14]. Combination therapy with quercetin 
and omega-3 is expected to be more effective in 

lowering the expression of NFκB in the pancreatic 
tissue of DM patients than monotherapy with either 
agent to reduce cellular injury and prevent 
complications of DM; combination therapy will become 
an important therapy for DM patients in the future. The 
aim of this research is to study the potential of the 
combination of quercetin and omega-3 in lowering the 
expression of NFκB in pancreatic tissue of rats with 
type-2 DM as compared to those treated with 
monotherapy. 

2. MATERIAL AND METHODS 

This study and the experimental protocols were 
approved by The Ethical Comittee of Medical and 
Health Research Faculty of Medicine Universitas Islam 
Indonesia with registration number 
37/ka.Kom.Et/70/KE/IV/2016. This study used paraffin 
block of pancreatic tissue from 24 male Wistar rats 
aged 3 months and weighing between 250 g and 350 
g. Type-2 DM state was induced in all rates through 
intraperitoneal administration of single-dose 
streptozotocin at 60 mg/kgBW and intraperitoneal 
administration of single-dose nicotinamide at 120 
mg/kgBW [15]. One week after the induction, the 
fasting blood glucose level of these rats were checked. 
Rats with fasting blood glucose level over 126 mg/dL 
were labeled as DM rats [15] and divided into 4 groups, 
each consisting of 6 rats. The grouping system can be 
seen in Table 1. 

Table 1: Division of Intervention Groups 

Group 
name 

Description 

K1 DM rats treated daily with placebo 

K2 DM rats treated with quercetin at 20 mg·kgBW-1·d-1 

K3 DM rats treated with omega-3 at 100 mg·kgBW-1·d-1 

K4 DM rats treated with quercetin at 20 mg·kgBW-1·d-1 
and omega-3 at 100 mg·kgBW-1·d-1 

 
After four-week oral administration of quercetin 

and/or omega-3, all rats were euthanized using ether 
inhalation and then decapitated. After that, their 
pancreatic tissue was taken to prepare paraffin blocks 
and dyed with immunohistochemical staining. Results 
from this immunohistochemical staining of pancreatic 
tissue were observed using light microscope at 40x 
magnification and photographed using micrographic 
tools. Preparations stained with anti-NFκB antibody 
from Abcam® from United States of America. The 
percentage of cells stained with anti-NFκB was 
subjectively measured in five visual fields of each slide. 
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The percentage of NFκB expression was determined 
by counting the number of cells presenting NFκB and 
those not presenting NFκB in each slide. The 
calculation method was showed below: 

 

% expression =
cell which expresses NF!B"

total cell"
#100%

 

The level of NFκB expression in the pancreatic 
tissue of rats was observed using 
immunohistochemical (IHC) method. The nucleus of a 
cell which expresses NFκB will appear brown, while the 
nucleus of a cell that does not will appear blue. The 
differences in the level of NFkB expression in 
pancreatic tissue between groups were tested by One 
Way ANOVA. The result of immunohistochemical 
staining of pancreatic tissue with cells that express 
NFκB in their nuclei as well as those which do not is 
shown in Figure 1. 

 
white circle = non-NFκB-expressing nucleus appears in blue, 
green circle = NFκB-expressing nucleus appears in brown 

Figure 1: NFκB-expressing and non-NFκB-expressing 
pancreatic cells. 

3. RESULTS 

Fasting blood glucose of the groups in this study are 
eligible so that it can be given treatment until 
completed. The data of mean fasting blood glucose 
levels after induction are shown in Table 2.  

After the four-week treatment, all rats were 
decapitated, their pancreas were taken for tissue-
slicing, and slides were prepared and dyed using 
immunohistochemical (NFκB) stain. The 
immunohistochemical staining figures from the 4 
groups are shown in Figure 2.  

Table 2: Mean Percentage of Fasting Blood Glucose 
after Induction (%) 

Group name Mean fasting blood glucose 

K1 198,83±6,49 

K2 201,16±7,34 

K3 202,75±7,72 

K4 203,31±8,63 

 P * 0,789 

Note: One Way ANOVA test is considered significant if p value is <0.05. K1: 
DM rats treated daily with placebo, K2: DM rats treated with quercetin at 20 
mg•kgBW-1•d-1, K3: DM rats treated with omega-3 at 100 mg•kgBW-1•d-1, K4: 
DM rats treated with quercetin at 20 mg•kgBW-1•d-1 and omega-3 at 100 
mg•kgBW-1•d-1. 
 

Because the percentage of NFκB expression 
showed normal distribution and uniform variance in the 
groups, the difference between groups was tested with 
One Way ANOVA. The data about the average 
percentage of NFκB in pancreatic tissue are presented 
in Table 3. 

The results of One Way ANOVA test showed that at 
least 2 groups had percentages of NFκB which differed 
significantly (p < 0.05). To know which groups had 
these significantly different percentages of NFκB, a 
post hoc test was conducted using the least significant 
difference (LSD) test. One Way ANOVA test showed 
significant differences between NFκB percentage in K1 
and that in K2 to K4, between NFκB percentage in K2 
and that in K1 to K4, between NFκB percentage in K3 
and that in K1 to K4, as well as between NFκB 
percentage in K4 and that in K1 to K3. 

4. DISCUSSION 

The results of this study showed an increase in 
NFκB expression in the pancreatic tissue of DM rats as 
compared to that observed in healthy rats. According to 
previous studies, NFκB is expressed at a low level in 
healthy cells, including healthy pancreatic cells [16]. In 
this study, the researcher observed the level of NFκB 
expression in the nuclei of pancreatic cells from 6 
healthy rats and obtained an average NFκB percentage 
of 4.44 ± 0.72. In the presence of DM, there was an 
increase in oxidative stress damaging the cells, 
resulting in an inflammatory response through the 
activation of NFκB. A previous study showed that the 
expression of NFκB increases in the presence of 
hyperglycemia induced in a period of one month to 
experimental animals [17]. 

The average level of NFκB expression in the 
pancreatic nuclei of DM rats that were treated with 



4      Journal of Pharmacy and Nutrition Sciences,  2017, Vol. 7, No. 1 Hendrawati and Winardi 

quercetin at 20 mg·kgBW-1·d-1 for 4 weeks was 
significantly lower than that of DM rats which were 
treated with placebo. A previous study showed that 
quercetin is an antiinflammatoric agent which works by 
inhibiting the activity of pro-inflammatory cytokines [18]. 
Another study also showed that quercetin inhibits the 
activation of NFκB, reducing the production of 
inflammatoric cytokines [19]. 

Table 3: Mean Percentage of NFκB in Pancreatic Tissue 
(%) 

Group name Mean percentage of NFκB in 
pancreatic tissue (%) 

P* 

K1 16.12±1.17 0.000 

K2 12.12±0.88  

K3 9.99±0.87  

K4 8.02±2.34  

Note: One Way ANOVA test is considered significant if p value is <0.05. K1: 
DM rats treated daily with placebo, K2: DM rats treated with quercetin at 20 
mg·kgBW-1·d-1, K3: DM rats treated with omega-3 at 100 mg·kgBW-1·d-1, K4: 
DM rats treated with quercetin at 20 mg·kgBW-1·d-1 and omega-3 at 100 
mg·kgBW-1·d-1. 
 

In this study, the average level of NFκB expression 
in the pancreatic nuclei of DM rats which were treated 

with omega-3 at 100 mg·kgBW-1·d-1 for 4 weeks was 
found to be significantly lower than that of DM rats 
treated with placebo or with quercetin at 20 mg·kgBW-

1·d-1. This finding is in line with that of a research 
stating that omega-3 lowers the expression of NFκB by 
inhibiting the activation of NFκB [20]. Another study 
states that omega-3 increases the activity of PPAR γ, 
and as PPAR γ binds to NFκB, the translocation of 
NFκB to the nucleus is prevented and its activation is 
inhibited [21]. 

In this study, the average level of NFκB expression 
in the pancreatic nuclei of DM rats which were treated 
with quercetin at 20 mg·kgBW-1·d-1 and omega-3 at 
100 mg·kgBW-1·d-1 for 4 weeks was also found to be 
significantly lower than that of DM rats treated with 
placebo, quercetin only, or omega-3 only. This result 
shows that a combination of quercetin and omega-3 is 
more effective in inhibiting the activity of NFκB than 
monotherapy with either agent. Therefore, the 
combination of quercetin and omega 3 is more effective 
and recommended for the treatment of diabetes 
mellitus in the future because it can reduce the 
inflammation better than without combination. 

     

     
Figure 2: The immunohistochemical staining figures from the 4 groups (K1-K4). 
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CONCLUSION 

The combination of quercetin at 20 mg·kgBW-1·d-1 
and omega-3 at 100 mg·kgBW-1·d-1 is significantly 
more effective in lowering the percentage of NFκB in 
pancreatic nuclei than monotherapy with either agent. 
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