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Abstract 

Obesity and type 2 diabetes mellitus are considered as the most risk criteria in metabolic 
syndrome. Twenty four 3 months old male albino rats, weighting (120±15) gm were purchased 
from animal house at the Faculty of Veterinary Medicine, Zagazig University, Egypt. After 
acclimatization at 23-25°C, 12 h light-dark cycle and free availability of water and diet, rats were 
allocated into 2 main groups. The first group (G1) was a control group (8 rats) that was kept on a 
standard diet with free access to drinking water. The second group (G2) was consisted of 16 rats 
that were kept on high fat high fructose diet (HFHF), which then was subdivided into 2 equal 
subgroups, G2.1 and G2.2. Subgroup G2.1 was kept for 7 wk (Obese animals).  Subgroup G2.2 
was kept for 12 wk (Type II diabetic animals). Feeding HFHF diet resulted in marked increase in 
body weight in both obese and diabetic groups, then started to decrease and stopped between 7th 
and 8th wk till the end of the experiment. Moreover, HFHF diet decreased the expression levels 
of insulin hormone gene which was reflected on the increase in the expression levels of 
fibroblast growth factor 21 (FGF-21), interleukin 1 beta (IL-1β), interleukin 6 (IL-6) and tumor 
necrosis factor alpha (TNF-α) genes. The highest level of IL-1β was recorded in the diabetic 
animals (G2.2).  While the maximum FGF-21 gene detection in obese group (G2.1). On the other 
hand, IL-6 and TNF-α equally increased in both groups. Hitopathologically, hepatic tissues 
reveled fatty change with pancreatic atrophy in both HFHF diet treated groups. The results 
showed that, feeding HFHF diet resulted in increasing the expression levels of regulatory 
miRNA 146a and miRNA 126 genes. It could be concluded that the expression levels of miRNA 
146a, miRNA 126, FGF 21 and some cytokines may be a good early indicator for obesity and 
diabetes mellitus type II, having a major role in the mechanism of incidence and may have a 
great role in the treatment and follow-up the disease. 
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Introduction 

MicroRNAs (miRNAs) are a large family 
of small (≈ 22 base) regulatory non-coding 
RNAs that can bind to 3' untranslated region 
(UTR) of target sequence producing either 
inhibitory or enhancing effect that regulates 
transcriptional levels of the genes [1]. 
miRNAs have emerged to play important roles 
in many processes either physiological or 
pathophysiological such as organogenesis and 
embryonic development. They also have a role 
in diabetes, arrhythmia, cardiac hypertrophy, 
ischemic heart disease, tumor genesis, and 
viral hepatitis [2]. It has been also reported 
that miRNAs can increase expression of its 
target genes [3]. 

Recently many researchers directed their 
work toward studying the role of miRNA in 
regulating the metabolic functions in the body 
through controlling the expression levels of 
metabolic genes. 

One of the main regulatory miRNA is 
miRNA-146a as regard its role in the immune 
system [4]. Its expression in inflammatory 
cells is induced by lipopolysaccharide and 
nuclear factor-κB-dependent. MiRNA-146a 
causes negative feedback regulation of the 
innate immune response via targeting the pro-
inflammatory adapter proteins as Tumor 
necrosis receptor-associated factor 6 (TRAF6) 
and interleukin-1 receptor associated kinas 1 
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(IRAK 1) [5]. MicroRNA-146a is involved in 
the pathogenesis of autoimmune diseases and 
several types of cancer [3]. In addition, 
miRNA-146a can be involved in the pathology 
of inflammatory degenerative diseases in 
human, such as prion disease [6], Alzheimer’s 
disease [7, 8] and epilepsy [9]. In ischemic 
stroke the increased microRNA-126 in 
endothelial cells can promote angiogenesis, 
and attenuate vascular dysfunction in diabetics 
[10]. 

A degenerative disorder is a medical 
condition that causes deterioration of organs or 
tissues over time and many of them are related 
to aging, or worsen during the aging process. 
Three main categories are present under 
degenerative disorders including 
cardiovascular, neoplastic, and nervous system 
disorders. Coronary diseases, myocardial 
diseases and hypertension are the most 
common cardiovascular diseases whereas 
tumors and cancer are the main neoplastic and 
Parkinson's and Alzheimer's are the main 
diseases affecting nervous system [10].  

Metabolic syndrome (MetS) is considered 
as a sequence of linked biochemical, clinical, 
physiological and metabolic factors that have a 
risk of causing type 2 diabetes mellitus, 
hypertension, and cardiovascular disease 
(CVD), resulting in increasing mortality rates 
[11]. It does not have a single reason but may 
be caused by many contributing genetic and 
environmental factors [12]. Elevating the 
hazards of MetS may be created through 
increasing the hereditary incidence of 
hypertension, type II diabetes and insulin 
resistance (IR) [13]. Moreover, another main 
fundamental factor that increases the risk of 
MetS is aging and environmental hazards. The 
dangerousness of metabolic syndrome comes 
from its too many complications including 
CVD, type II diabetes, pancreatic dysfunction, 
organ cancer and non-alcoholic fatty liver 
disease [14]. 

Chronic hyperglycemia increases the 
concentration of pro-inflammatory mediators 
and resulted in induction of micro- and macro-
angiopathy, inflammation of the tissues ending 
by cell death which makes diabetes mellitus as 
chronic inflammatory disease [15]. 

Obesity can be considered as an 
inflammatory disorder. TNF-α has been found 
in obese individuals and animals and its levels 
are directly proportional to insulin resistance. 
Pathogenic role of inflammatory molecules 
was also proposed, like TNF-α, in the 
development of diabetes and insulin resistance 
[16]. In lean animals, TNF- α can induces 
insulin resistance. It is evident also that some 
pro-inflammatory cytokines can initiate 
intracellular pathways as the Nuclear Factor 
for Jun kinase (JNK), IkB kinase-b (IKKb) and 
Kappa light chain in B-cells (NF- κB) which 
can inhibit signaling insulin pathway [17, 18]. 

The aim of this study was to assess the role 
of some miRNAs and other inflammatory 
biomarkers in prediction of the onset of 
obesity and type 2 diabetes mellitus in 
susceptible individuals. Moreover, the role of 
miRNA and their adaptor proteins in 
regulating the mechanisms of some metabolic 
disorders as obesity and diabetes at the 
molecular levels was also studied.  

Materials and Methods 

Animal management and grouping 

Three months old twenty four male albino 
rats, weighting (120±15) gm were purchased 
from animal house at the Faculty of Veterinary 
Medicine, Zagazig University, Egypt. The rats 
were kept 2 weeks 23-25°C with 12 h light-
dark cycle and free availability of water and 
diet to be acclimatized before beginning the 
experiment. Rats were then randomly divided 
into 2 main groups, group G1 was a control 
group (8 rats) kept on a standard diet with free 
access to drinking water. The second group G2 
(16 rats) was subdivided into two subgroups 
G2.1 and G2.2. Subgroup G2.1 (Obese group) 
was consisted of 8 rats and fed on high fat high 
fructose diet (HFHF) for 7 wk. Subgroup G2.2 
(Type II diabetic group) included 8 rats that 
were kept for 12 wk on the same HFHF diet 
according to De Castro et al.  [5]. The 
experimental procedures were conducted 
according to the guidelines of Institutional 
Animal Care and Use Committee of Zagazig 
University (ZU-IACUC) under the approval 
number of ZU-IACUC/2/F/24/2018. 
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Formulation of HFHF diet  

The formulated diet was consisted of lard 
(60%) and fructose (17%) added to the 
standard rat chow, while, sucrose 10% was 
added to water supplied to the rats. The caloric 
intake of HFHF diet was calculated; Lard 
contains 8000 kcal /kg, Chow contains 3000 
kcal/kg, and fructose contains 3000 Kcal/Kg. 

The experiment lasted 12 wk. This model 
was planned to mimic nearly the cafeteria diets 
(CAF) which essentially contain high caloric 
value [5]. The body weight and blood glucose 
were taken once weekly for 12 wk [9].  

Sampling 

At the end of the experimental period, rats 
were subjected to night fasting and then 
decapitated by cervical dislocation. Blood 
were collected for serum preparation, hepatic 
and pancreatic tissues were also collected, 
washed in normal saline and divided into two 
parts; the first one was taken and kept in liquid 
nitrogen for determination of gene expression 
of miRNA and its receptor proteins. The other 
part was taken and kept in 10% formalin for 
histopathological investigation. 

Biochemical determination  

The separated serum were used for 
determination of serum glucose, total lipids, 
triacylglycerol, total cholesterol, low density 
lipoprotein cholesterol (LDL-c), high density 
lipoprotein cholesterol (HDL-c), very low 
density lipoprotein cholesterol (VLDL-c), 
using specific Kits specialized for each 
parameter according to El-Gayar et al.  [6], 
Friedewald et al.   [8], Zoungas et al.   [19], 
Bucolo and David, [4], and Young, [20], 
respectively. Serum insulin was determined by 
ELISA rat insulin kit according to the method 
of Wang et al. [21].  

Molecular investigation 

Total RNA was extracted from hepatic 
tissues using easy-RED TM Total RNA 
Extraction Kit for animal tissue (Intron 
Biotechnology cat.No.17063) according to the 
manufacturer’s instructions. The obtained 
RNAs were quantified and checked for the 
purity using NanoDrop® ND-1000 
Spectrophotometer (NanoDrop Technologies, 
Wilmington, Delaware, USA). Pure samples 

with purity more than 1.8 were used for cDNA 
synthesis using TOPscript™ cDNA synthesis 
Kit following the manufacturer’s guidelines. 
One microliter of cDNA was used for semi-
quantitative real-time PCR using TOPreal™ 
qPCR 2X PreMIX (SYBR Green with low 
ROX) (Intron Biotechnology cat. No. 
RT500S). The designed primers for the desired 
genes were synthesized by Bio Basic Inc., 
Canada. The cycling program was performed 
in Stratagene Mx3005P qPCR System with the 
following conditions: initial denaturation at 
95°C for 15 min, followed by 50 cycles of 
denaturation at 95°C for 15 sec, annealing at 
various temperature according to each gene 
(55 °C for GAPDA, 56 °C for FGF21, 58°C 
for each of Insulin, IL-1β and TNF-α, 60°C for 
each of miRNA 146a  and miRNA 126 and 
62°C for IL-6) and extension at 72°C for 30 
sec). The primer sequences for FGF21 were F: 
5′AGATCAGGGAGGATGGAACA-3′ and R: 
5′-TCAAA-GTGAGGCGATCCATA -3' 
according to Zhang et al.   [22]. Insulin gene 
primer sequences were F: 5'-
AGCAAGCAGGTCATTGTTCC-3' and R: 5'-
TTGCGGGTCCTCCACTTC-3' according to 
Assaei et al. [2]. However, the primer 
sequences for TNF-α were F: 5′-
GCCACCACGC-TCTTCTG--3'and R: 5′-
GCAGCCTTGTCCCTTGA according to Li et 
al. [23]. IL-1β gene primer sequences were F: 
5'-TTGTGGCTGTGGAGAAGC-TG-3' and 
R: 5' CCAGTTGTTGACCAAAGGCTTTT-3' 
according to Singh et al. [24]. IL-6 specific 
primer sequences were F: 5'-
TCTCTCCGCAAGAGACTTCCA-3' and R: 
5'-ATACTGGTCTGTTGTG-GGTGG-3' 
according to Singh et al. [24]. miRNA 146 a 
specific primer sequences were F: 5'-
UGAGAACUGAAUUC-CAUGGGUU-3' and 
R: 5'-ACCUGUGAA-GUUCAGUUCUUU -3' 
according to Yamasaki et al. [25].Primer 
sequences of F: 5'-
CATTATTACTTTTGGTACGCG-3' and R: 
5'-GTCGTATCCAGTGCGTGTC-GTG-3' 
were used for miRNA 126 gene according to 
Huang et al.   [10]. On the other hand, primer 
sequences of F: 5'-TGCA-
CCACCAACTGCTTAG-3'and R: 5'-
GATGCAGGGATGATGTTC-3' were used 
for GAPDH gene according to Schmittgen and 
Zakrajsek [26].  Efficiency of amplification 
was measured by the slope of a standard curve. 
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The transcription levels of target genes were 
normalized to those of GAPDH gene which 
used as reference gene. The relative expression 
was expressed as fold change by 2−ΔΔCT 
relative to control [16]. 

Statistical analysis 

 Statistical analysis was done using SPSS 
16 (SPSS, Chicago, Ill) program for windows. 
Data were expressed as mean ± SEM and was 
performed using one way ANOVA to analyze 
the variance followed by post hoc test. The 
criterion for statistical significance was P< 
0.05. 

Histopathological examination  

Hepatic and pancreatic tissues were collected 
and then washed in normal saline. After that 
the tissues were fixed in 10% buffered neutral 
formalin solution. The tissue was dehydrated 
in gradual ethanol (70-100%), cleared in 
xylene and then embedded in paraffin. The 
paraffin sections were prepared as five-micron 
thickness and then stained with hematoxylin 
and eosin (HE) dyes as a routine [27]. Then, 
the sections were examined microscopically. 

Results 

Feeding HFHF diet resulted in marked 
increase in body weight in both obese and 
diabetic group from 1

st
 till 7

th
 and 8

th
 week 

then started to decrease till 12
th

 week (Table 
1). The results illustrated in Table 2 showed 
that, feeding HFHF diet resulted in marked 
increase in serum glucose, total lipids, 
triacylglycerol (TAG), total cholesterol, LDL-
c and VLDL-c. Their respective values in 
control versus obese versus diabetic groups 
were (73.3±0.88 Vs 152.67±1.7 Vs 
339.67±11), (461.3±16 Vs 694.0±38.2 Vs 
968±34.0), (127.7±4.9 Vs 233.3±5.8 Vs 
463.0±19.5), (195.7±3.7 Vs 244.7±9.2 Vs 
314.7±16.7), (119.33±3.3 Vs 156.3±2.6 Vs 
211.33±18) and (24.5±1.98 Vs 36.67±1.1 Vs 
58.6±3.9). On the other hand, a significant 
decrease in the serum levels of both insulin 
and HDL-c. Their respective values were 
respectively, 3.20±0.20 and 39.0±4.04 in 
obese, 1.26±0.088 and 22.67±2.33 in diabetic 
group, compared to 5.0±0.057 and 54.0±4.5 in 
control group.  

 
 
Table (1): Effect of HFHF diet feeding on body weight of adult male rats. 

Group Control Obese Diabetic 

1st wk 125.33±4.9
a
 125.67±3.0

a
 126.12±5.0

a
 

2nd wk 133.3±3.88
b
 142.67±4.7

a
 143.67±11

a
 

4th wk 145.0±6.057
b
 166±5.2

a
 168±9.88

a
 

6th wk 161.3±6.5
b
 194.0±8.2

a
 196±4.0

a
 

7th wk 168.3±6.5
b
 211.0±8.6

a
 212±4.0

a
 

8th wk 175.7±5.7
b
  210.7±6.7

a
 

10th wk 191.33±8.3
b
  201.33±8.6

a
 

12th wk 204.0±8.5
a
  188.67±4.33

b
 

Means ± SE in the same row and carrying different superscripts are significantly different at p<0.05.  

 

 
Table (2): Effect of HFHF diet feeding on biochemical parameters of adult male rats. 

Group Control Obese Diabetic 

Blood Glucose (mg/dl) 73.3±0.88
d
 152.67±1.7

c
 339.67±11

a 

Serum insulin(µIU/ml) 5.0±0.057
a 

3.20±0.20
b
 1.26±0.088

d 

Total Lipids (mg/dl) 461.3±16
c
 694.0±38.2

b
 968±34.0

a
 

TAG(mg/dl) 127.7±4.9
c
 233.3±5.8

b
 463.0±19.5

a
 

Total cholesterol(mg/dl) 195.7±3.7
c
 244.7±9.2

b
 314.7±16.7

a
 

LDL-c(mg/dl) 119.33±3.3
c
 156.3±2.6

b
 211.33±18

a
 

HDL-C(mg/dl) 54.0±4.5
a
 39.0±4.04

b
 22.67±2.33

c
 

VLDL-c(mg/dl) 24.5±1.98
c
 36.67±1.1

b
 58.6±3.9

a
 

Means ± SE in the same row and carrying different superscripts are significantly different at p<0.05.  
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Molecular investigation 

The results illustrated in Figure 1A showed 
that, feeding HFHF diet resulted in increasing 
the expression levels of regulatory miRNA 
146a and miRNA 126 genes. 

The results showed in Figure 1B clarified 
that, feeding HFHF diet resulted in decreasing 

the expression levels of insulin hormone gene 
which was reflected on the increase in the 
expression levels of FGF-21, IL-1β, IL-6 and 
TNF-α genes. IL-1β was higher in the diabetic 
group. IL-6 and TNF-α were increased in both 
groups. However, FGF-21 gene was higher in 
obese group. 

 

 

 

 

 

Figure 1: A) the effect of HFHF diet feeding on the expression levels of miRNA-146a,  miRNA-126, Insulin, 
Fibroblast Growth Factor 21 (FGF 21), IL-1β, IL-6 and TNF-α genes after 7 weeks (obese group) and 12 

weeks (diabetic group). B) the effect of HFHF diet feeding on the expression levels of Insulin, Fibroblast Growth 

Factor 21 (FGF 21), IL-1β, IL-6 and TNF-α genes after 7 weeks (obese group) and 12 weeks (diabetic group). 

 

 

Figure 1A 

Figure 1B 
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Histopathological examination 

In the control group (G1), liver tissues 
appeared as central vein of normal size which 
is surrounded by rows and cords of normal 
hepatocytes with central nuclei and abundant 
eosinophilic cytoplasm (Figure 2A). In the 
obese group (G2), liver tissues showed 
moderate fatty change of the hepatocytes with 
dilated congested central vein at the upper 
right corner (Figure 2B). However, in diabetic 

group (G3), liver tissue showed diffuse 
marked fatty change of the hepatocytes with 
clear cytoplasm and central vein at the upper 
right corner (Figure 2C). The control group 
(G1) showed normal sized islets of Langerhans 
surrounded by pancreatic acini (Figure 3A). 
Atrophy of islets Langerhans surrounded by 
normal pancreatic acini was detected in obese 
group and pancreatic group (Figure 3 B and 
C). 

 

 
 
Figure 2: Histopathological findings of HFHF diet on hepatic tissues of adult male rats. A): from control 

group liver tissues was of normal sized central vein surrounded by rows and cords of normal hepatocytes 

with central nuclei and abundant eosinephilic cytoplasm B): from obese group liver tissues of obese rat 

exposed to (lard +fructose+ sucrose) for 7 weeks showed moderate fatty change of the hepatocytes with 

dilated congested central vein at the upper right corner C): from diabetic group liver tissue of diabetic rat 

exposed to (lard +fructose+ sucrose) for 12 weeks showed diffuse marked fatty change of the hepatocytes with 

clear cytoplasm and central vein at the upper right corner (H&EX400). 

 

 
 
Figure 3: Histopathological findings of HFHF diet feeding on pancreatic tissues of adult male rats A): from 

control group showed normal sized islets of langerhans surrounded by pancreatic acini B): from obese group 

pancreatic tissue of obese rats exposed to (lard +fructose +sucrose) for 7 weeks showing  atrophy  of  islets 

langerhans surrounded by  pancreatic acini. C): from diabetic group rats exposed to (lard +fructose 

+sucrose) for 12 weeks showed marked atrophy of islets langerhans surrounded by normal pancreatic acini 

(H & E X400). 

 
 

A      B   C 

A      B   C 
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Discussion 

There is no doubt that, metabolic and 
degenerative disorders now represent a great 
threat to life especially that is associated with 
new lifestyle and fast food that result in 
obesity and diabetes mellitus especially type 
II. Finding a new markers for early diagnosis 
and detection of metabolic syndromes, obesity 
and diabetes is an important point interested 
many scientists, also standing on the exact 
mechanism and role of these new markers in 
the mechanism of obesity, fat disorders, 
lipodystrophy and predisposing factors and 
mechanisms of type II diabetes is a branching 
point in reaching a new techniques facing all 
that problems. In the light of the above 
mentioned points, The current study were 
directed toward studying the expression 
pattern of some genes involved in metabolic 
pathway for obesity and type II diabetes in 
case of high fat high fructose (HFHF) diet 
feeding for induction of obesity in 7 wk or 
even induction of type II diabetes mellitus 
when taken for 12 wk.; at the same time serum 
glucose, insulin and lipid profile pattern was 
determined with that treatment. 

According to De castro et al. [5], our results 
confirmed that, feeding HFHF diet increased 
the body weight till the 7th week and then the 
body weight started to decrease which may 
reflects the induction of Type II diabetes 
mellitus by HFHF diet feeding for 12 weeks. 
At the same line, the results of serum glucose 
and insulin levels and other lipid profile 
illustrated the body profile in obesity and 
diabetes mellitus that represented in high 
levels of serum glucose, total lipids, TAG, 
total cholesterol, LDL-c and VLDL-c with a 
decrease in serum insulin levels and HDL-c 
which reflects a state of a lipid disorder may 
be predisposing to many metabolic disorders, 
hypertension, CHD and so many degenerative 
disorders. 

Many reports have addressed the effect of 
HFHF diet feeding on the glucose homeostasis 
but till now there is no exact data for the 
detailed effect on the molecular mechanism of 
the insulin resistant state and metabolic 
disorder state that produced by HFHF diet 
feeding (5). So, this study dealt with that 
problem and the obtained results revealed that 

HFHF diet feeding resulted in a significant 
decrease in the expression level on insulin 
hormone gene with a significant increase in 
the expression levels of Fibroblast Growth 
Factor 21 (FGF 21), IL-1β, IL-6 and TNF-α 
genes.  

Previous reports stated that, HFHF diet 
resulted in an increase in the expression levels 
of insulin hormone together with a decrease in 
the insulin receptor gene expression which 
creates a state of insulin resistance and type II 
diabetes mellitus [28]. This point is 
inconsistent with our result that revealed a 
decrease in the expression that may be 
attributed to β-cell destruction that follow the 
insulin resistance state as suggested by 
Balakumar et al. [29].  

Fibroblast growth factor 21 (FGF21) Fisher 
et al. [7] is an important mediator of lipid 
metabolism and fatty acid oxidation. It has a 
major role in controlling the fatty acid 
oxidation and so, weight reduction. It is clearly 
evident that the increased tissue expression 
and serum levels of FGF21 can be associated 
with obesity state. In genetically obese ob/ob 
mice [3] and db/db mice [30] the levels are 
increased. 

The increase in the expression levels of 
FGF 21 was more in obese group than that for 
diabetic group which reflects the role of FGF 
21 in the obesity state [7]. demonstrated that, 
exogenous FGF21 protein is associated with 
weight reduction, but observation of the 
expression level increases with a weight gain 
is refers to a state of FGF21 resistance with a 
decrease in the ability of FGF 21 to initiates 
the signaling of regulatory genes involved in 
fat loss through the ras-raf-MAPK cascade, 
with a reduction in the ability to induce the 
expected changes in immediate early genes 
Egr1 and cFos expression.  

The pro- and anti-inflammatory cytokines 
IL-1β, IL-6 and TNF-α genes were also 
increased in their mRNA levels by HFHF diet 
feeding when compared with control group. 
This increase  runs in the same pattern in both 
obese and diabetic groups except for IL-1β 
that has more increase  in diabetic group than 
that observed in obese group which reflects the 
chronic inflammatory condition approved in 
case of type II diabetes mellitus according to 
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De Castro et al. [5] than that observed in case 
of obesity state. High-fructose diet in rats has 
been reported to activate the inflammatory 
factors such nuclear factor kappa B (NF𝜅B) 
and TNF𝛼 in the liver, but not in the adipose 
tissue, showing its tissue-specific effects [31]. 
Consumption of HFHF diet for 8 and 12 weeks 
caused up-regulation TNF𝛼, IL-1𝛽, and IL-6. 
In obesity, macrophages infiltrate adipose 
tissue and begin to induce pro-inflammatory 
cytokines, such as IL-1𝛽, TNF𝛼, and IL-6, 
which contribute to insulin resistance. High-
fructose diet in rats has been reported to 
activate the inflammatory factors including 
NF-𝜅B and TNF𝛼 in the liver. [32, 33]. 

Type 2 diabetes mellitus (T2DM) is a major 
public health problem all over the world. 
Identifying new diagnostic markers is so 
important to identify the individuals who are at 
risk to develop T2DM to achieve healthy 
lifestyle [30]. 

Circulating miRNAs can be utilized as non-
invasive biomarkers in many diseases. At the 
levels of diabetes, miRNAs has a major role in 
regulating the mechanism of insulin secretion 
and levels. There was a significant increase in 
the expression levels of both miRNA 146a and 
miRNA 126 genes. This increase in the 
expression levels was in response to decrease 
in the insulin levels observed in both obese 
and diabetic groups as supposed by Zhang et 
al. [30], and so this increase in the expression 
levels was more in diabetic group than obese 
group. Several studies indicated the 
association between miRNA 146a, miRNA 
126 and diabetes [34- 35]. 

Conclusion 

From all the above obtained results, it can 
be concluded that, Feeding HFHF diet disrupts 
the normal metabolic state in the body and 
resulted in marked increase in the body 
weight, serum glucose, and lipid profile which 
is predispose to obesity and diabetic 
syndrome. The expression levels of miRNA 
146a, miRNA 126, FGF 21 and some 
cytokines may be good early indicators for 
obesity and diabetes mellitus type II, having a 
major role in the mechanism of incidence and 
may have a great role in the treatment and 
follow-up the disease. 
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 لملخص العربيا

 والجينات المرتبطة به في التنبؤ بالبذانة والسكري )النوع الثاني( الميكروى الريبوزى النووى الحمض دور 

 انعٕ٘ أحًذػضح انُدبس ٔ خهٛفخ 

 قغى انكًٛٛبء انحٕٛٚخ ، كهٛخ انطت انجٛطش٘ ، خبيؼخ انضقبصٚق ، انضقبصٚق ، يصش

 

رى ششاء أسثؼخ . ثبَٙ يٍ داء انغكش٘ يٍ أكثش يؼبٚٛش انخطش فٙ يزالصيخ انزًثٛم انغزائٙرؼزجش انغًُخ ٔانُٕع ان

( خى فٙ ثذاٚخ انزدشثخ. رى االحزفبظ ثبندشراٌ فٙ 01±  021أشٓش ) 3ٔػششٌٔ ركشا يٍ اندشصاٌ االنجُٕٛ )ٔصٌ يشخح 

ثى رقغًٛٓى ػشٕائٛبً  (خ يٍ انًٛبِ ٔانحًٛخعبػخ دٔسح يظهًخ ٔخبنٛ 02دسخخ يئٕٚخ يغ  21-23دسخخ حشاسح  )ظشٔف يُبعجخ 

خشراٌ( يحفٕظخ ػهٗ َظبو  8إنٗ يدًٕػزٍٛ سئٛغٛزٍٛ ثؼذ رأقهًٓى نًذح أعجٕػٍٛ، انًدًٕػخ األٔنٗ كبَذ يدًٕػخ يشاقجخ )

ٌ ػبنٛخ خشر( رى رغزٚزٓب ػهٗ َغجخ ػبنٛخ يٍ انذْٕ 01)  غزائٙ يؼٛبس٘ يغ إربحخ انٕصٕل إنٗ يٛبِ انششة. انًدًٕػخ انثبَٛخ

( ٔ انزٗ رؼزجش يدًٕػخ (G2.1أعبثٛغ  7خشراٌ رى االحزفبظ ثٓب نًذح  8ٔ ْزِ انًدًٕػخ رى رقغًٛٓب انٗ   (HFHF) انفشكزٕص

نًشظٗ انغكش٘ ٔ انزٗ رؼزجش يدًٕػخ يًثهخ  (G2.2) أعجًٕػب 02انثًبَٛخ األخشٖ نًذح  بندشصاٌثرى االحزفبظ يًثهخ نهغًُخ ٔ 

ػهٗ ػالئق ػبنٛخ انذٌْٕ ٔ انفشكزٕص انٗ صٚبدح يهحٕظخ فٙ ٔصٌ اندغى فٙ كم يٍ  اندشصاٌرغزٚخ  دأد . يٍ انُٕع انثبَٙ

ٔانغكش٘ ،ثذأد ْزِ انضٚبدح فٗ االَخفبض ثى رٕقفذ ثٍٛ األعجٕػٍٛ انغبثغ ٔانثبيٍ.أدد ْزِ انزغزٚخ أٚعب انٗ  يدًٕػخ انغًُخ

 FGF-21  ،IL-1βؼكظ ػهٗ صٚبدح يغزٕٚبد انزؼجٛش يٍ خُٛبدخٍٛ ْشيٌٕ األَغٕنٍٛ انز٘ اَ ػٍيغزٕٚبد انزؼجٛش  اَخفبض

 ،IL-6 ٔ. TNF-α. ٙكبَذ انضٚبدح ف IL-1β  ٙأكثش فٙ انًدًٕػخ انًصبثخ ثبنغكش٘ ، ثًُٛب كبَذ انضٚبدح ف IL-6 ٔ TNF-

α  ,ٍٛٚبدح فٗصأٔظحذ انُزبئح يزغبٔٚخ فٗ انًدًٕػز FGF-21 غًُخ. كًب بَذ اكثش فٗ انًدًٕػخ انًصبثخ ثبنٔ انزٗ ك

يًب عجق  .أظٓشد انزحبنٛم انجبثٕنٕخّٛ حذٔس رغٛشاد يهحٕظّ فٗ كم يٍ اَغدخ انكجذ ٔانجُكشٚبط َزٛدخ انًؼبيهخ ثٓزِ انؼهٛقخ

ٔثؼط انغٛزٕكُٛبد يؤششاد يجكشح خٛذح  miRNA 146a ٔ miRNA 126 ٔ FGF 21 قذ ركٌٕ يغزٕٚبد انزؼجٛش يٍ

 نًشضأيزبثؼخ  ػالجصبثخ ٔقذ ٚكٌٕ نٓب دٔس كجٛش فٙ ٔنٓب دٔس سئٛغٙ فٙ آنٛخ اإلنهغًُخ ٔداء انغكش٘ يٍ انُٕع انثبَٙ ، 

 

 

 

 


