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The association between abdominal fat accumulation and risk of multiple
chronic diseases has been established. Insulin resistance is the hallmark
mechanism unifying obesity, dyslipidemia, hyperglycemia, diabetes,
hypertension and cardiovascular diseases. This study investigates the effect
of n-3 polyunsaturated fatty acids diet on the outcomes of insulin resistant
rats as well as the lipolytic activity of adipose tissue. n-3 polyunsaturated
fatty acids enriched diet for 3 months showed a significant reduction in body
weight (BW) , systolic blood pressure ( SBP) , triglyceride, cholesterol, LDL,
fasting blood glucose (FBG) and insulin levels in insulin resistant rat with a
significant rise in HDL level and lipolytic activity of both SC and visceral
adipose tissue.
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Introduction

The importance of the nutrient composition of the diet is recognized to account for metabolic disorders; as obesity
and diabetes, which account to the incidence of cardiovascular diseases. Obesity is a serious disease affecting a large
population worldwide (Bassesen, 2008 and Bary, 2004). Insulin resistance is the hallmark mechanism unifying
obesity, dyslipidemia, hyperglycemia, diabetes, hypertension and cardiovascular diseases (Reavenet al.2004 and
Nordmann, 2006).

The attempt to prevent; treat obesity and insulin resistant in the population by consuming low carbohydrate low fat
diet shows great effect in reducing body weight and improving the metabolic processes, but the chronic consumption
of low carbohydrate diet is associated with a potential problem ; as it contains a high percentage of fat - most in the
form of saturated fat- to compensate for carbohydrate-calorie reduction (Nordmann et al., 2006, Volek et al.,2008
and Lara-Castro et al.,2004).High-saturated fat diet in humans and rats is associated with obesity , high risk of
diabetes and cardiovascular disease (Surwit et al., 1988, Rossmeisl et al., 2003 , Stroline et al.,1991, Neschen et al.,
2002 and Vesshy et al., 2001) . What about polyunsaturated fatty acids diet? Does it help diabetic patients?

Several human and animal dietary studies confirmed the correlation between free fatty acids (FFAs) and insulin
resistance, but the detected effect of different types of fatty acids diet - saturated and polyunsaturated - on insulin
resistance has been controversial (Storlien et al., 1991, Yki-Jarvinen et al., 2002, Raffaele et al., 2007 and Jong Sam
et al.2005).

Since dietary fat and its relation to obesity, lipid profile, blood pressure, and glycemic state has been a controversial
issue for years, and with the fact that adipose tissue acts as endocrine gland secreting adipokine that affect
metabolism, this study was designed to induce insulin resistance in rats , investigate the effect of polyunsaturated
fatty acids ( PUFAS) diet on body weight, blood pressure, lipid profile, glycemic state and adipose tissue function
and compare the findings with the saturated fatty acids diet’s effect.
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Material and Methods

The Experimental Research Committee of the Physiology Department and the Scientific and Ethics committees of
College of Medicine Cairo University approved all procedures. Male rats were supplied by Animal Care facility of
Cairo University. The study was conducted in accordance with World Helsinki Declaration. 20 Rats of average body
weight 129.4 g were divided equally into two groups ; control group (C gp) and Experimental group (E gp), both
groups were fed commercial rat chow; had free access to sweetened water with 25% fructose for 3 months to induce
insulin resistance (Eldeeb et al.,2012). After induction of insulin resistance the control group (C gp) continued
feeding on normal commercial rat chow while the experimental group (E gp) 10% of n-3 polyunsaturated fat -
Sunflower oil-was added to its chow. Both groups were maintained in a room at 230C with light on from 7:00 till
18:00. After 3 months the body weight (BW) , systolic blood pressure ( SBP) , fasting blood glucose ( FBG) and
insulin, serum triglyceride (TG), high density lipoprotein (HDL), low density lipoprotein (LDL) and total cholesterol
levels were measured, Lipolytic activity of both visceral and subcutaneous adipose tissue were measured. Rats were
killed by decapitation; subcutaneous adipose tissue and visceral (omental) adipose tissue from each group were
immediately transported to the laboratory in Ringer’s solution at room temperature and digested by Rodbell methods
(eldeeb et al., 2012, Rodbell, 1964 and Martin et al., 1971). Lipolytic activity was determined by measuring free
glycerol released from fat cells by (Colorimetric kits DIALAB Co.). All serum variables were performed on samples
taken from overnight unfed rats. Blood glucose was measured by glucose oxidase method (kit510-A, Sigma), Insulin
level was assessed by ELISA Kit purchased from (DRG Company). Serum triglycerides were measured by
lipoprotein lipase technique (Colorimetric triglyceride kits DIALAB Co.). Total serum cholesterol (esterified and
free forms) by (Colorimetric Cholesterol kit (352-20, Sigma). HDL-C was measured by Colorimetric method with
(Stanbio kit No. 0599). LDL-C serum level was calculated by using the following equation:
LDL-C=TC-(HDL-C+ TG)

5

Drugs used: Fructose, Bovine serum albumin (BSA; A 6003, essentially fatty acid-free, Sigma); collagenase IV
(Sigma Co.); adrenalin (Sigma); Insulin (EIL LILLY Co.). Results are expressed as mean +SD. The t-test was used
to compare the two groups. Statistical significance was set at P<0.05 level.

Result and Discussion

Results:

Adding 10% saturation of n-3 polyunsaturated fatty acids (sunflower oil) to the diet of insulin resistant rats for 3
months showed a significant reduction in body weight (BW), systolic blood pressure (SBP), triglycerides,
cholesterol, LDL, fasting blood glucose (FBG) and insulin levels by 21.27%, 7.10%, 8.39%, 1.68%, 6.29%, 18.24%,
47.8 % respectively with a significant increase in HDL level by7.95%.

Lipolytic activity of subcutaneous adipose tissue showed a significant increase by 22.9% in presence of adrenalin
while in presence of insulin it decreased significantly by 20.7% respectively. Lipolytic activity of visceral adipose
tissue showed a significant increase in presence of adrenalin by 23.41% while in presence of insulin it decreased
significantly by33.18%. Moreover the lipolytic activity of the visceral adipose tissue showed a significant high
lipolytic activity compared to that of subcutaneous adipose tissue in both conditions; presence of adrenalin and
insulin. (Table 1)

Table 1: Effect of n-3 polyunsaturated fatty acid diet on insulin resistant rats

Parameters Control group Experimental group % p
Mean SD Mean SD change

Body weight (BW) (g)  247.7 47.11 195 14.14 -21.27 <0.05
SBP(mmHgQ) 137.9 9.573 128.1 9.55 -7.10 <0.05
TG 66.7 6.515 61.1 5.281 -8.39 <0.05
cholesterol 87.44 3.25 85.97 2.285 -1.68 <0.05
HDL 30.1 1.91 28.3 1.766 7.95 <0.05
LDL 43.65 2.802 43.2 2.379 -6.29 <0.05
Glucose(mg/dl) 165.5 12.57 135.3 9.117 -18.24 <0.05
Insulin(ug/l) 0.524 0.322 0.2735 0.089 -47.8 <0.05
Sc-adrenalin 274.27 40.095 337.082 30.754 22.9 <0.05
Visceral-adrenalin 375.19 20.1415 463.04 14159 23.41 <0.05
Sc-insulin 23.139 8.068 18.329 2.239 -20.7 <0.05
Visceral-insulin 72.208 23.492  48.248 6.211 -33.18 <0.05
SBP- Systolic Blood pressure SC- Subcutaneous
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Discussion:

In the present work, insulin resistant rats fed 10% sunflower oil for 3 months had a significant reduction in BW
which was in accordance with Gang et al., (2007) who found that adding polyunsaturated fatty acids (PUFAS) to the
diet of insulin resistant rats showed significant decrease in BW, as PUFAs increase: energy expenditure in mice;
resting metabolic rate and the thermic effect of food and fat oxidation in human (Ziegler et al., 2001 and Yu et al.
2004). In 2003 Peyron-Caso et al., found that insulin resistant rat fed PUFAs lost weight due to PUFA’s ability to
limit adipose tissue hypertrophy - more in visceral fat; increase its lipid oxidation at expense of storage; increase
energy expenditure and limit the development of visceral adipose tissue by suppressing the late phase of adipocyte
differentiation through modifications of peroxisome proliferator-activated receptor (Halvorsen et al., 2001).

This study showed a significant reduction in SBP of insulin resistant rats after fed 10% sunflower oil for 3 months
by10.7% ; similar to Valensi, in (2005) who found that PUFAs were efficient in vivo in delaying and decreasing the
rise in blood pressure, suggesting a positive effect in the prevention of hypertension associated with
hyperinsulinemia. PUFAs readily incorporate in cardiac membranes are able to prevent the increase in heart rate and
QT interval length that is also associated with insulin resistance. PUFAs reduce SBP by many mechanisms which
are related to the regulation of cardiac adrenergic function by membrane PUFAs (blocker-like activity) as it :
improve membrane cell fluidity and prostanoic balance in favour of arterial dilation (eicosapentaenoic acid (EPA);
stimulate the synthesis of prostacyclin; inhibit the synthesis of thromboxan-A2); improve endothelium function and
reduce cardiac adrenergic activity (Delarue et al., 2004).

Our study showed that feeding insulin resistant rats 10% of saturation of Sunflower oil for 3moths had a significant
reduction in TG, Cholesterol, LDL, Insulin and glucose levels with a significant increase in HDL level, in
accordance with Thirunavukkarasu et al in (2004) who found that the levels of plasma and tissue lipids were
lowered significantly when PUFAs enriched diet was administered along with fructose. HDL-C concentration was
increased whereas those of LDL-C and VLDL-C were decreased. These effects of PUFAs on lipid metabolism may
be related to their effect on glucose utilization. PUFAs increase glucose disposal, insulin sensitivity, and insulin
action in fructose-treated rats (Berman et al., 2003).This could result in efficient regulation of the key enzymes of
lipid metabolism and thus normalizing the circulatory lipid concentrations. Lowering of plasma TG concentrations
may be attributed to the reduced availability of the precursor FFAs and to enhanced peripheral tissue clearance
through increased LPL activity. Moreover stimulation of LPL leads to a rise in HDL production and reduction in
VLDL constituents (Peyron-Caso et al., 2003).In (2007) Raffaele et al., suggested that the rise in plasma
concentrations of HDL-C in PUF-treated fructose rats may be due to delayed clearance and increased synthesis of
HDL constituents. Others suggested that maintenance of ambient levels of phospholipids in plasma and tissues of
PUFAs -treated fructose fed rats could be due to their exerted antioxidant property. PUFAs quench reactive oxygen
species that could act on membranes of the biological systems (Delarue et al., 2004). Surprisingly, data reported in
human clinical studies reported a slight or no change in HDL cholesterol values in type 2 diabetes after treatment
with PUFAs. In obese men with insulin resistance, a decrease in both the catabolism and the production of HDL
apoA-lI and HDL apoA-1l has been observed after treatment with PUFAs (Ziegler et al., 2001). In 2004,
Thirunavukkarasu et al., found that administration of 1,656 mg olive oil daily for 8 weeks in type 2 diabetic subjects
did not significantly affect the concentrations of VLDL apoB. However, a significant decrease in its level was
reported when receiving a higher concentration of 3 g/day during two consecutive 8-week periods. The mechanism
by which dietary PUFAs prevent insulin resistance remains unclear. Adipose tissue releases FFAs and
adipocytokines into the circulation, and its metabolic activity is the main contributor to the development of insulin
resistance (Rousseau et al., 2002). (Bohov et al., 1997) suggested that a decrease in adipocyte lipolysis by PUFAs
could play an important role in increasing insulin sensitivity by reducing the fatty acids (FA) availability and
increasing glucose utilization .They proposed that the FA composition of membrane phospholipids of insulin target
tissues is an important factor influencing insulin sensitivity through their effect on insulin receptor and the glucose
transporter (GLUT4). In 2000 Clarke, showed that the PUFA content in adipose tissue and skeletal muscle
phospholipids contribute to efficient insulin action. Ghafoorunissa et al., in (2005) demonstrated that dietary fish oil
supplementation increased the expression of GLUT4 mRNA in skeletal muscle of diabetic rats. The observed
increase of PUFAs in diaphragm phospholipids and therefore possibly in all skeletal muscle and adipocyte plasma
membrane could have contributed to the reversal of insulin resistance in sucrose-fed rats. According to Elliott et al.,
2002, PUFAs may improve insulin action through its specific effect at the level of insulin release from the islets or
through higher receptor mediated hormone clearance. However, the precise mechanism is not known. It is also
possible that PUFAs may improve insulin sensitivity through up-regulation of the intracellular insulin signaling
pathway. Alternatively, PUFAs could prevent insulin resistance by a direct membrane independent effect on gene
expression as PUFAs regulate the transcription of several genes involved in glucose and lipid metabolism (Baillie et
al., 1999). Indeed, cell culture and animal studies reported that PUFAs up-regulate leptin mRNA expression and
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secretion (Peyron-Caso et al., 2003). Further, PUFAs were shown to ameliorate conjugated linoleic acid—induced
insulin resistance by up-regulating the expression of leptin and adiponectin (Clarke, 2001). Leptin and adiponectin
were shown to prevent insulin resistance (Shapiro et al., 2008).

This study showed that feeding insulin resistant rats n-3 polyunsaturated fatty acids enriched diet for 3 months
increased significantly the lipolytic activity of subcutaneous (SC) and visceral adipose tissue in the presence of
adrenaline which was in accordance with Baillie et al. (1999), who found that; fish oil consumption prevents
sucrose-induced insulin resistance in adipose tissue and thus might indirectly mediate the regulation of LPL activity.
Modifications at the enzyme level, however, cannot be excluded as certain dietary PUFAs have been reported to
inhibit the expression of lipogenic enzyme genes. This is also consistent with Rustan et al. (1997), Ryan and Elahi,
(1996), who found that dietary PUFAs increased total lipolysis in mesenteric and subcutaneous fat cells compared
with adipocytes derived from lard-fed animals. Increased lipolysis in fish oil-fed rats is in agreement with the fact
that the enrichment of adipose tissue in specific long-chain highly unsaturated fatty acids increases their selective
mobilization in vitro.

In this study, visceral adipose tissue lipolytic activity was higher than SC lipolytic activity in insulin resistant rats
fed PUFAs. Increased lipolytic activity can be justified by Bernardo in (2000) who found that diabetic subjects fed
PUFAs lost weight and became less hyperinsulinemic and adipose LPL activity increased further. They showed
increase in visceral adipose tissue lipolysis more than SC adipose tissue. This probably indicates that adipose tissue
LPL activity may represent an adipocyte "set point” that is intended to limit adipocyte shrinkage induced by a
hypocaloric diet, this increase in LPL activity is, as indicated, due to posttranslational changes in the LPL enzyme.
Measuring the insulin-antilipolytic activity of SC and visceral adipose tissue in this study showed that PUFAS
supplementation in insulin-resistant rats significantly decreased the amount of released glycerol (as an index of
lipolytic activity). It has been shown that number and binding properties of insulin receptors are influenced by the
physico-chemical properties of plasma membranes (Ginsberg et al. 1991). This relationship may be expressed
simply by the fact that higher membrane fluidity such as that induced by dietary PUFAs is associated with higher
numbers of insulin receptors and/or greater sensitivity to insulin. Field et al. (1999) observed that a high ratio of
PUFAs to saturated FA in phospholipids induced by dietary manipulation increased not only insulin binding but also
coupling between insulin receptors and glucose transport, glucose oxidation and lipid synthesis in adipocytes. In
(1998) Fickova et al., found that dietary fatty acid manipulation modified the effects of insulin on glucose
metabolism and transport; did not observe major impact on the antilipolytic properties of insulin; because different
post-receptor mechanisms have been proposed for the antilipolytic action of insulin and its effects on glucose
metabolism, they assume that intracellular pathway was not affected in the rats of their study. However, they cannot
exclude the possibility that a higher lipolytic response, together with a weaker antilipolytic activity of insulin, could
account partially for the lower lipid content and hence smaller size of adipocytes in the PUFAs diet group.

Conclusion:

n-3 polyunsaturated fatty acids enriched diet for 3 months in insulin resistant rats showed a significant reduction in
body weight (BW) ,systolic blood pressure ( SBP) , triglyceride, cholesterol, LDL, fasting blood glucose (FBG) and
insulin levels with a significant rise in HDL level and lipolytic activity of both SC and visceral adipose tissue.
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