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Abstract: This work was done to study the effect of (HF) and (HFF) on level of plasma glucose, insulin, kidney
profile, lipid profile and antioxidant status compared to (LF). The statistical analysis of the results showed that
total cholesterol, triacylglycerol, plasma glucose, serum insulin, serum NLRP3, kidney nitric oxide and MDA
were significantly increased in HFF compared to LF group. But PON1, GSH and HDL-C were significantly
decreased in HFF compared to LF group. Our study shows a positive correlation between total cholesterol and
triacylglycerol withNLRP3. Also there is a negative correlation between HDL-C, PON1 and GSH withNLRP3.
The conclusion that the inflammasome NLRP3 is an important marker that correlate between obesity , type 2
diabetes, oxidative stress and inflammation, So it is recommended to depend on as metabolic syndrome marker.
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1. INTRODUCTION

The development of agriculture, animal domestication and technological progress significantly
lowered the cost and availability of food supply, creating a unique situation in the history of human
evolution when caloric intake exceeded energy expenditure. Today, reduced physical activity and
increased consumption of calorie-dense food are recognized as the main risk factors responsible for
the epidemic growing of obesity in the modern society [1]. A better comparison of different dietary
patterns is allowed at similar caloric intake, e.g. (1) The Mediterranean diet of southern Italian and
Greek inhabitants is characterized by high contents of plant foods, fresh fruits, fish, and poultry, dairy
products, and olive oil as the main source of fat. Red meat, saturated fat, and trans-fatty acids are low.
The high content of monounsaturated fatty acids (MUFAS) such as oleic acid and the antioxidant and
anti-inflammatory effects of olive oil may be responsible at least in part for the observed lower risk of
coronary heart disease[2]. The adherence to a Mediterranean diet was found to exert protective effects
against type 2 diabetes cardiovascular disease, and Parkinson’s and Alzheimer’s diseases with a lower
risk of cancer [3]. (2) The Western Style Diet (WSD), called the meat-sweet diet or standard
American diet, is characterized by an over availability of food, with high intakes of high-fat foods,
high-sugar desserts and drinks as well as high intakes of red meat, refined grains, and high-fat dairy
products. WSD underlies the epidemic growing of obesity in the United States and throughout the
world [4]. It has been recognized as the major contributor to metabolic disturbances, hypertension,
and cardiovascular diseases [5]. Also, it has been associated with an increased incidence of chronic
kidney disease CKD [6]. A combination of dietary factors contributes to the impairment of renal
vascularization, steatosis and inflammation, hypertension, and impaired renal hormonal regulation. It
is thought to contribute to the increasing incidence of several chronic illnesses including cancer
(especially colon and liver), non-alcoholic fatty liver disease (NAFLD)/non-alcoholic steatohepatitis
(NASH) [7] and osteoporosis [8].Behind these similarities, however, high fat (HF) and high fat high
fructose (HFF) diets affect whole-body lipid metabolism in different ways. In fact, during HF feeding
an increased lipid supply to peripheral organs, and particularly to the liver, arises mainly from dietary
lipids, while during HFF feeding an increased hepatic de novo lipogenesis is the main source of
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circulating lipid. Metabolic syndrome is defined as the presence of any three of the following five
traits: abdominal obesity, hypertriacylglycerolmia, low high-density lipoprotein cholesterol, insulin
resistance, and increased blood pressure. In rodents, fructose feeding leads to onset of symptoms of
the metabolic syndrome, including hyperglycemia, hyperinsulinemia as well as obesity, hypertension,
and increased levels of triacylglycerols, fatty acids and cholesterol [9]. In humans, consumption of a
fructose-rich diet causes insulin resistance, increases uric acid, and stimulates de novo lipogenesis,
resulting in increased levels of triacylglycerols, cholesterol, and small proatherogenic low-density
lipoprotein particles [10]. Diabetes Mellitus (DM) is affecting a greater proportion of the world’s
population each year such that WHO predicts that DM will be the seventh leading cause of death by
the year 2030 [11]as it essentially affects all systems of the body. Type 2 diabetes encompasses
individuals who have insulin resistance. Most, but not all, patients with type 2 diabetes are obese[12].
Generalized insulin resistance occurs primarily as a result of obesity, a consequence of caloric excess,
physical inactivity, genetics, and age. The nucleotide binding domain and leucine rich repeat protein-
3(NLRP3) inflammasome is a multiprotein, large cytoplasmic complex (>700 kDa), composed of a
specific member of the NOD-like receptor protein (NLRP) subfamily, the adaptor protein named
apoptosis-associated speck-like protein containing a CARD (ASC), and procaspase-1, which are
preferentially expressed in adipose tissue macrophages (ATMSs)[13]. Metabolic syndrome is
characterized by a state of systemic low grade chronic inflammation [14]. However, the role of
NLRP3 on the development of metabolic syndrome associated renal pathology remains unclear. The
present study was carried out to examine the effect of low, high fat or high fat high fructose feeding
on lipid metabolism, the antioxidant status in mice and the correlations between obesity, type2
diabetes, oxidative stress and NLRP3 in all groups

2. MATERIAL AND METHODS

30 male albino mice weighting 30-40g were obtained from the animal house of National Research
Center (NRC), Giza, Egypt. The animals were housed in individual suspended stainless steel cages in
controlled environment (22-250C) and 12hours light, 12hoursdark with food and water freely
available. Low fat diet (LF) was prepared according to Reeves [15], HF according to Buettner et al.
[16] and HFF according to Christopher et al. [17]. The mice were divided to the following groups 10
mice per each: Groupl: mice fed 15 g/day from LF.Group2: fed 15 g/day from HF. Group3:fed 15 g-
/day from HFF. At the start of experiment all groups fed LF diet at incubation period for 2 weeks.
Weight determined at zero time and end point after 2 months. After (10 weeks), animals were kept
fasting for 12 hours before blood sampling .Blood was withdrawn from the retro-orbital venous
plexus of the eye using a capillary tube, under light anesthesia by diethyl ether. Blood was collected in
tubes for the estimation of lipid parameters, glucose by enzymatic colorimetric method using
Spectrum Kkit, insulin level was determined using INS-ELISA Kit BioSoure, Belgium) and NLRP3
supplied from NOVA Company for detection of nephropathy. Kidneys were removed quickly on ice
and homogenized with phosphate buffer PH 7.4 for estimation of oxidative stress levels in kidney
tissues. Insulin resistance was calculated from the equation:

Insulin resistance = Fasting glucose (mg/dl) x fasting insulin/22.5 (ulU/ml)
2.1. Statistical Methods

The collected data were coded, tabulated, and statistically analyzed using IBM SPSS statistics
(Statistical Package for Social Sciences) software version 22.0, IBM Corp., Chicago, USA, 2013.
Descriptive statistics were done for quantitative data as minimum& maximum of the range as well as
meantSD (standard deviation) for quantitative parametric data. Inferential analyses were done for
guantitative variables using paired t-test in cases of two dependent groups with parametric data,
ANOVA Test for more than two independent groups with post hoc Tukey HSD test. While
correlations were done using Pearson correlation for numerical parametric data. The level of
significance was taken at P value < 0.050 is significant, otherwise is non-significant.

3. RESULTS

Figure 1show: no significant difference between study groups regarding weight before intervention.
Weight after intervention was highest in HFF followed by HF and lowest in LF group, all differences
between groups were significant.
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Figurel. weight of mice before and after intervention

Figure (2, 3 and 4) shows a significant increase (P < 0.001) in serum glucose, insulin and HOMA-IR
after feeding HFF and HF groups compared to LF group. Also, glucose level, insulin resistance in
HFF group increase significantly compared to HF group.
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Figure2. serum glucose after intervention Figure3. Serum insulin after intervention

0.14
0.12
0.10
=
< 008

g 0.06
I
0.04
Oloz .
0.00
LF HF HFF

Figure4. HOMA-IR after intervention

Figures (5,6 and 7) show a significant increase (P < 0.001) in serum total cholesterol, triacylglycerol
and serum HDL-C after feeding HFF and HF groups compared to LF group. Also, cholesterol level
and triacylglycerol in HFF group were increased significantly compared to HF.
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Figure5. Serum total cholesterol after intervention Figure6. Serum triacylglycerols after intervention
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Figure7. Serum HDL-C after intervention

NO and MDA were significantly increased (P < 0.001) in kidney after feeding HFF and HF groups
compared to LF group as shown in figures (8 and 9) and in HFF group compared to HF group.
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Figure8. Serum Nitric Oxide after intervention
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Figurel0. kidney reduced glutathione after intervention

Figure9. kidney Malonadialdhyde after intervention

Figurell. kidney Paraoxinase lafter intervention

But GSH and PON1 were significantly decreased (P < 0.001) in kidney after feeding HFF and HF
groups compared to LF group as shown in figures (10 and 11)and in HFF group compared to HF

group

Figure (12) show a significant increase (P < 0.001) in Serum NLPR3 after feeding HFF and HF
groups compared to LF group. Also, serum NLPR3 level in HFF group was increased significantly

compared to HF group.

There were significant positive correlations between NLPR3 and weight, glucose, insulin, HOMA IR,
cholesterol, triacylglycerols, NO and MDA. But there were significant negative correlations between

NLPR3 and HDL, GSH and PON1as shown in tables (1 and 2).
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Figure2. Serum NLPR3 after intervention

Tablel. Correlation between NLPR3 and other parameters

LF HE HEF
. . 0.871 0.860 0.807
Weight D 0.011 0.013* 0.028*
S r 0.709 0.876 0.727

b 0.047% 0.010% 0.044

. r 0.880 0.952 0.909

b 0.009% 0.001% 0.005%

r 0.896 0.988 0.696

HOMA-IR b 0.006% <0.001* 0.042*
Crotectoral r 0.800 0.915 0.885
b 0.031% 0.004% 0.008*

rovilveerore r 0.709 0.903 0.703
yigly D 0.047 0.005* 0.048*

r 20.900 -0.965 0.908

HDL b 0.006* <0.001* 0.005%

Pearson’s correlation test, *Significant
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Table2. Correlation between NLPR3 and other parameters after intervention in study groups

LF HF HFF
NG r 0.990 0.964 0.961
D <0.001* <0.001% 0.001
Malon r 0.704 0.993 0.912
D 0.047* <0.001* 0.004
r -0.653 20,913 20.916
Red Glut D 0.012* 0.004 0.004
Para r -0.792 -0.938 20.963

D 0.034* 0.002 <0.001*

Pearson’s correlation test, *Significant
4. DISCUSSION

The present experiment elucidates that exposure to a HF and HFF diets led to increases in weight gain
and impairments in blood glucose regulation. The body weight was increased significantly in HFF
group than HF group. The results of the present study are in agreement with previous studies,
especially which involving hamsters, which have shown that feeding high-fat diets and high-fructose
diets led to rapid weight gain [18].This explained by the fact that obesity is a medical condition in
which increase body fat has accumulated to the extent that it may unfavorable on health [19]. The
present effects of the high-fat diet are in accordance with previous experiments by Petro et al. [20]
that found that animals fed a high-fat diet had significantly higher blood glucose levels than that fed a
low-fat diet, which led to the conclusion that high-fat diets negatively affect blood glucose levels in
animals. Results of the present study revealed that HF and HFF groups recorded significant increases
in serum insulin, plasma glucose and HOMA IR compared to control. Also serum insulin, plasma
glucose and HOMA IR were significantly increased in HFF than HF. Parallel results were recorded by
Bergmann and Syniewska [21] who found a significant increase of insulin levels could be referred to
the induction of peripheral resistance with abdominal obesity, due to secretion of inflammatory
factors and specific adipocytokines . The increased release of fatty acids, pro inflammatory cytokines,
glycerol and other factors resulted in the development of insulin resistance. Elevated plasma levels of
FFA are known to cause peripheral (muscle) insulin resistance by inhibiting insulin stimulated
glucose up take and synthesis of glycogen. The mechanism involves intra myocellular accumulation
of diacylglycerol and activation of protein kinase C; in addition, FFAs also cause hepatic insulin
resistance by inhibiting insulin mediated suppression of glycogenolysis [22].

Results of the present study revealed that HF and HFF groups showed a significant increase in serum
triacylglycerol and total cholesterol while HDL-C concentration was significantly decreased as
compared to control. Also triacylglycerol and total cholesterol were significantly increased in HFF
than HF. Also these results are in agreement with Woodie and Blythe [23].The increased cholesterol
in HFF and HF groups may be due to the increased metabolism of glucose to pyruvate in liver. Then
the pyruvate enters the liver mitochondria and converted to acetylecoA which is the starting molecule
for cholesterol synthesis. Piia [24] found that triacylglycerol is exchanged for cholesterol esters by
activity of cholesteryl ester transfer protein. This process results in triacylglycerol enriched HDL-C
which catabolized more rapidly [25]. The AMPK (AMP-activated protein kinase) is an intracellular
energy and nutrient sensor [26], sterol regulatory element binding protein (SREBP) is a key regulator
of intracellular lipid metabolism that it considered the substrate of AMPK, where mRNA of hepatic
SREBP-2 and SREBP-1c are linked with AMPK inhibition in obesity-induced insulin-resistant, that
correlates with an increase in hepatic expression of SREBP-2 and SREBP-1c and its target genes
[27]. Consistently, mRNA expression of SREBP-1c target genes including acetyl-CoA carboxylase
(ACC1), fatty acid synthase (FAS), and stearoyl-CoA desaturase-1 (SCD1) is stimulated, suggesting
increases of rates of fatty acid and triacylglycerol synthesis in the liver. We have also demonstrated
that the increased ROS production and reduced GSH concentration in kidney cells in groups was fed
HF and HFF, has resulted in compromised mitochondrial bioenergetics , resulted in inhibition of the
activities of the respiratory complexes followed by a reduction in ATP synthesis finally lead to
increased mitochondrial dysfunction [28].In the current study there were significant decreases in
kidney PONland GSH level and a significant increase in kidney MDA and NO in HFF and HF
compared to LF. These results were in agreement with Lozano et al. [29] who indicated that
generation of free radicals promotes lipid peroxidation in HF and HFF groups. In agreement with
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Oraby et al. [30] who indicated that serum NO was significantly increased in HFF and HF rats
compared to control. This result may be due to the fact that increased oxidative stress and subsequent
activation of the transcription factor NF-B have been associated with the development of late diabetic
complications; NF-B enhances nitric oxide production, which is supposed to be a mediator of islet
beta-cell damage [31].Increased generation of nitric oxide can be harmful to kidney functions, where
synthesis of nitric oxide by both the inducible and constitutive nitric oxide synthase isoforms
participates to the activation of apoptotic pathways in the kidney. NO itself is a free radical and can
react with many other free radicals e.g., superoxide radical, generating peroxynitrite radical, capable
of resulting oxidative changes to macromolecules [32]. In our study we found that the mean value
level of NLRP3 HF and HFF were significantly increased compared to low fat group and this in
agreement with [33].

The NLRP3 inflammasome is a key mediator of metabolic inflammation and disorder in ATM
saturated fatty acids inhibit regulation of energy storage by lowering AMP Kkinase activity lead to
releasing of ROS and production of IL1-1p which made a series of metabolic disorders as it promotes
insulin resistance through serine phosphorylation of insulin receptor substrate-1(IRS-1) that impairs
engagement of the insulin receptor (IR) with IRS-1. It also enhances a direct-insulin resistance by
promoting expression of tumor necrosis factor o (TNF-a)[34].Dysfunctional of adipose tissue in lipid
metabolism is due to increases intriacylglycerol and cholesterol leads to increased circulating free
fatty resulting in obesity. This obesity with chronic inflammation initiates a state of insulin resistance.
The secretion of chemoattractants; such as MIF andMCP-1, cytokines IL-1B, TNF-o and IL-6are
associated with inflammation which isa critical mediator in obesity-induced insulin resistance
[35].0ur study shows a positive correlation between total cholesterol and triacylglycerol withNLRP3
which suggested that activation of NLRP3 inflammasome lead to produce IL1-1p which made a series
of metabolic disorder. Also there is a negative correlation between HDL-C, PON1 and GSH
withNLRP3 which suggested that NLRP3metabolic inflammation and disorder in ATM saturated fatty
acids inhibit regulation of energy storage.

5. CONCLUSION

We concluded that the inflammasome NLRP3 is an important marker that correlates between obesity,
type 2 diabetes, oxidative stress and inflammation, so it is recommended to depend on as metabolic
syndrome marker. Also we recommended further studies to inactivate the enzymes responsible for the
formation of NLRP3 to decrease the resulted metabolic syndromes
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