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Abstract:  
Introduction: Obesity has become a major problem in the modern world; it is affected genetically and by 

lifestyle and dietary habits as consuming fast food meals enriched with high saturated fat (SF). Since obesity is 
associated with multi co-morbidities like dyslipidemia, hypertension, and metabolic syndrome, this work studied 

the effect of diet rich in saturated fat on body weight, blood pressure, lipid profile, glycemic state and lipolytic 

activity of adipose tissue in male rats. 
 

Materials and Methods: Twenty male rats of an average body weight 192.4 g were divided equally into two 

groups, control group (Cgp) fed commercial rat chow and experimental group (SFgp) fed 10% saturated fat to 

induce obesity. After 3 months the body weight, blood pressure, fasting blood glucose, insulin level, and lipid 

profile of both groups were measured and the lipolytic activity of adipose tissue was assessed. 

 

Results: Rats fed saturated fat for 3 months showed significant increase in body weight, systolic blood pressure, 

TG, Cholesterol, LDL, fasting blood glucose and insulin levels with a significant decline in HDL. 

Lipolytic activity of SC tissue in the presence of adrenaline decreased significantly while in the presence of 
insulin it increased significantly. It showed a significant increase in the presence of adrenaline and insulin in 

visceral adipose tissue. A p value less than 0.05 was considered statistically significant. 

 

 Conclusion: Consumption of diet rich in saturated fat in male rats induced obesity that is associated with 

hypertension, dyslipidemia, hyperglycemia and insulin resistance. The adipose tissue of obese male rats showed 

a significant decrease in lipolytic activity of SC with a significant rise in the corresponding value in visceral 

adipose tissue.  
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I. Introduction: 
Adipose tissue serves as the main fuel and energy supply for the whole body and its metabolic activity 

is the main contributor to the development of obesity, followed by or concomitant with insulin resistance and 

cardiovascular diseases [1].The fatty acid profile of the adipocytes is determined by the composition of dietary 

fats[2]. Although it is well documented that the consumption of high-fat diets can induce obesity, the effect of 

the type of dietary fatty acid on lipid accumulation has not been elucidated[3]. Obesity is often associated with 

metabolic syndrome which includes insulin resistance, dyslipidemia and hypertension [4].Regional variations in 

adipose tissue function seem to have an additional bearing on insulin resistance. Visceral fat accumulation has a 

stronger association with insulin resistance than subcutaneous fat accumulation. This has in part been attributed 

to higher lipolytic activity in visceral than subcutaneous adipose tissue[5]. There is much evidence showing that  
 

the function of adipose tissue is disturbed in insulin-resistant states. The ability of insulin to suppress fatty acid 

release from adipose tissue is impaired in obesity[6]. Intra-abdominal fat depots, although relatively small in 

comparison with subcutaneous fat depots, play an important role in fat buffering. The rate of lipolysis from 

intra-abdominal adipocytes, when measured in vitro, tends to be high[1,7].This study investigated the effect of 

consuming diet rich in saturated fat on the body weight, systolic blood pressure, lipid profile, glycemic state and 

the lipolytic activity of adipose tissue in male rats. 
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II. Materials And Methods 

The Experimental Research Committee of the Physiology Department in College of Medicine Cairo 

University approved all procedures. Male rats were supplied by the Animal Care Facility.  

 

2.1 Animals and diet preparation  

Rats of 192.4g average body weight (BW) were divided into two groups of 10 rats each. The control 

group (Cgp) was fed commercial rat chow consisting of (w/w) Crude protein 22%, Crude fat 4%, Crude 

carbohydrate 38%, Crude fibers 5%, ash 8% and added minerals 3% for 3 months. The experimental group 

(SFgp) was fed commercial rat chow for 3 months with 10% saturated fat of animal source (sheep tail fat, 

Leyah) added. Food was given fresh daily; rats ate a varying amount of 15-30 grams/day and had free access to 
water. All groups were maintained in a room at 23οC with light on from 07:00 till 18:00. After 3 months the 

body weight, blood pressure, fasting blood glucose and insulin, serum triglyceride (TG), high density 

lipoprotein (HDL), low density lipoprotein (LDL) and total cholesterol levels were measured, Lipolytic activity 

as well as the antilipolytic activity of insulin for both visceral and subcutaneous adipose tissue were measured. 

 

2.2 Measurement of systolic blood pressure 

Systolic blood pressure in rats was measured by Harvard rat tail blood pressure monitor system. 

2.3 Biochemical tests 
All samples were taken from overnight unfed rats. Blood glucose was measured by glucose oxidase 

method (kit510-A, Sigma)[10], and Insulin level assessed by ELISA Kit (DRG Company). Serum triglycerides 

were measured by lipoprotein lipase technique (Colorimetric triglyceride kits DIALAB Co.)[1]. Total serum 

cholesterol (esterified and free forms) was measured by Colorimetric Cholesterol kit (352-20, Sigma)[11]  and 

HDL-C by Colorimetric method (Stanbio kit No. 0599)[11]. LDL-C serum level was calculated using the 

following equation:[12,13] 

LDL-C = TC - (HDL-C + TG) 
                                        ____ 

                                          5 

2.4 Measurement of Lipolytic activity of adipose tissue in vitro 

Rats were killed by decapitation; the study was performed on subcutaneous adipose tissue and visceral 

(omental) adipose tissue. One gram samples taken from each group were immediately transported to the 

laboratory in Ringer’s solution at room temperature and digested by Rodbell methods (Rodbell , 1964 and 

Rodbell  et al.,1971) [8,9] . The suspension of cells was centrifuged for one minute at 4000 rpm. The fat cells 

floated to the surface and the stromal-vascular cells were sedimented. 50 μl of adrenaline (1mg/ml) was added to 

0.5 ml supernatant and incubated for 30 minute at 37°C, another 0.5 ml supernatant was mixed with 50 μl of 

adrenaline (1mg/ml) and incubated for 30 minute at37°C followed by adding 50 μl of act rapid insulin 

(100U/ml) to it and incubated for another 30 minutes.Lipolytic activity was determined by measuring free 

glycerol released from fat cells of each set (by Colorimetric kits DIALAB Co. [1]. 
 

2.5 Drugs used 

Bovine serum albumin (BSA; A 6003, essentially fatty acid-free, Sigma), collagenase IV (Sigma Co.), 

adrenalin (Sigma), Insulin (EIL LILLY Co.) and a buffer containing the following (in mM): 137 NaCl, 5 KCl, 

4.2 NaHCO3, 1.3 CaCl2, 0.5 MgCl2, 0.5 KH2PO4, 0.5 MgSO4, 20 HEPES (pH 7.4), and 1% BSA. The buffer 

mentioned above was supplemented with 5 mM glucose. 

 

2.6Statistical analysis 

Results are expressed as mean values with their standard deviation. The Student’s t test was used to 

compare the two groups. Significance was set at P<0.05 level. 

 

III. Results: (Table 1) 
3.1 Changes in Body Weight: Rats in Cgp weighed 192.4 ± 8.11 g. In SFgp BW increased to 298.8 ± 84.43 g 

showing a significant increase by 55.3% compared to Cgp. 
 

3.2 Changes in Systolic Blood pressure: Systolic BP in Cgp was 121 ± 6.51 mm Hg. In SFgp it increased to 

140.2 ± 13.163 mm Hg showing a significant increase of 15.86% relative to Cgp. 

3.3 Changes in Lipid Profile: Triglyceride level in Cgp was 54.1 ± 8.87 mg/dl, it increased to 67.1 ± 15.32 

mg/dl in SFgp, showing a significant increase by 24% compared to Cgp. Cholesterol level in Cgp was 84.78 ± 

4.76 mg/dl. It showed a significant increase in SFgp by 7.92%.HDL and LDL levels in Cgp were 30.1 ±  
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1.911mg/dl and 43.65± 2.80 mg/dl respectively. In SFgp HDL level decreased to 26.19 ± 2.578 mg/dl showing a 

significant decrease by 12.9% compared to Cgp, while LDL level in SFgp increased to 52.2 ± 5.754 mg/dl 

showing a significant increase by 19.58% to compared to Cgp. 

3.4 Fasting Blood Glucose and Insulin levels: Blood glucose level in Cgp 76.8 ± 6.39 mg/dl it increased to 

92.6 ± 13.59 mg/dl in SFgp showing a significant increased by 20.5% in SFgp compared to Cgp . It runs parallel 

to results observed in insulin level as insulin as it was 0.157 ± 0.087 µ/l in Cgp and it increased to 0.199 ± 

0.0823 µg/l in SFgp showing a significant increase by 26.25% in SFgp compared to C gp.   

3.5 Lipolytic activity of subcutaneous (SC) adipose tissue: In the presence of adrenaline, lipolytic activity of 

SC tissue significantly decreased by 15% in SFgp compared to Cgp. It was 176.6 ± 43.36 mg/dl in Cgp versus 

150.32 ± 14.88 mg/dl in SFgp. In presence of insulin it significantly increased by 33.33% in SFgp compared to 

Cgp. It was 11.05 ± 4.42 mg/dl in Cgp versus 14.40 ± 3.89 mg/dl in SFgp. In the presence of insulin, it 

increased significantly by 25.84% in SFgp compared to Cgp. It was 27.03 ± 6.65 mg/dl in Cgp versus 

34.01±7.39 mg/dl in SFgp. Moreover, the lipolytic activity of visceral adipose tissue in the presence of adrenalin 

was significantly higher than lipolytic activity of SC adipose tissue; it was 210.03± 54.125 mg/dl in visceral 

adipose tissue in Cgp versus 176.6 ± 43.36 mg/dl in SC adipose tissue in Cgp, and in SFgp it was 247.8 ± 89.7 
mg/dl in visceral adipose tissue versus 150.32 ± 14.88 mg/dl in SC adipose tissue. In the presence of insulin the 

lipolytic activity of visceral adipose tissue was significantly higher than SC adipose tissue; in Cgp it was 27.03 ± 

6.65 mg/dl versus 11.05 ± 4.42 mg/dl in SC tissue. In SFgp it was 34.01±7.39 mg/dl in visceral adipose tissue 

versus 14.40 ± 3.89 mg/dl in SC adipose tissue. 

3.6 Lipolytic activity of visceral adipose tissue: Contrary to its activity in SC, lipolytic activity of visceral 

adipose tissue in presence of adrenaline significantly increased by 18% in SFgp compared to Cgp. It was 210.03 

± 45.125 mg/dl in Cgp versus 247.8 ± 89.7 mg/dl in SFgp.  

 

Table 1. Effects of Diet Rich in Saturated Fat on Male Rats 

 

Parameters Control group Experimental group % 

change 

p 

Mean SD Mean SD 

Body weight (BW) (g) 192 8.11 298.8 84.43 55.3 <0.05 

SBP(mmHg) 121 6.51 140.2  13.163 15.86 <0.05 
TG 54.1 8.87 67.1 15.32 24 <0.05 

cholesterol 84.78 7.46 91.5 8.26 7.92 <0.05 

HDL 30.1 1.91 26.19 2.25 -12.9 <0.05 

LDL 43.65 2.80 52.2 5.75 19.58 <0.05 

Glucose(mg/dl) 76.8 6.39 92.6 13.59 20.5 <0.05 

Insulin(µg/l) 0.16 0.09 0.20 0.08 26.25 <0.05 

Sc-adrenalin 176.66 43.36 150.32 14.88 -15 <0.05 

Visceral-adrenalin 210.03 54.13 247.84 89.70 18 <0.05 

Sc-insulin 11.06 4.42 14.41 3.89 30.33 <0.05 

Visceral-insulin 27.03 6.56 34.02 7.39 25.84 <0.05 

SBP- Systolic Blood pressure SC- Subcutaneous 

 

IV. Discussion 
Many prospective studies showed that excess body fat often correlates with increased mortality, 

diabetes, hyperlipidemia, hypertension, and atherosclerosis [5]. Since obesity is not a homogeneous condition, 

the lipolytic activity of regional adipose tissue becomes important when assessing the relationship of obesity to 

disturbances in glucose and lipid metabolism [4, 5].In this study consumption of diet enriched with saturated fat 

(SF) significantly increased  BW of rats by 55.3%, in accordance with the findings of Alsaifa et al, who found  
 

that animals supplemented with high fat diets showed a significant increase in body and visceral fat weights 

compared to rats fed low fat diets. As dietary fat is very readily absorbed and converted to body fat, it is easy to 

consume large amounts of fat calories before satiation occurs[12]. Duplus et al. observed that fatty acids (FAs) 

are inducers of the adipocyte lipid-binding protein (aP2) gene transcription in pre-adipose cells, stating that FAs 

are potent regulators of adipogenesis. FAs induce the expansion of white adipose tissue (WAT) mass. It is 

possible that a common response element(s) to a FA-responsive master transcription factor is present in the 

promoter regions of all these genes[13].In addition, there was a significant rise in systolic blood pressure by 

15.8%, matching Valensi, who stated that enriched diet with SF in male rats induced a significant increase in 

BW and blood pressure due to sympathetic activation, enhanced sensitivity of small mesenteric arteries to  
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noradrenaline and impairment of endothelium function. Impairment of insulin sensitivity in these rats together 

with a compensatory increase in serum insulin contributes to sympathetic activation and blood pressure 

increase[14]. Hypertension is also related to obesity-associated lipid metabolic disorders that enhance deposition 
of lipids on arterial walls [15], increase Ca2

+ channel numbers or alter channel regulation, leading to increased 

trans-membrane Ca2
+
 flux16 and increase VSMC levels of long-chain FAs, thus limiting or slowing the 

transitions of membrane channels from opened to closed state[14,17].Examination of lipid profile showed a 

significant increase of TG, cholesterol and LDL levels by 24%, 7.92% and 19.58% respectively. HDL showed a 

significant decrease by 12.9 % which correlated with Ajayi et al[16], who found a significant decrease in serum 

HDL cholesterol in rats fed SF. HDL controls the lipid metabolism by removing free cholesterol from the 

peripheral tissue cells etherifying it and transporting it in the neutral lipid back to the liver for 

catabolism[15].Serum LDL and TG concentration are significantly higher in the SF diet compared to the 

control. LDL increases the rate of triacylglycerol catabolism by mobilizing fats from the liver to adipose tissue. 

It carries 60% to 70% of total cholesterol in the serum[15]. The hypertriglyceridemia produced by SF could be 

caused by enhanced liver VLDL-triglyceride secretion into the circulation[18].Studies report that with 

unsaturated TG, up-regulating of LDL receptor occurred compared to saturated TG. This suggests that dietary 
fatty acids as it can induce changes in cellular membrane lipids that may influence certain metabolic properties, 

such as receptor-mediated uptake of lipoproteins [19].It can also act like a hormone to control the activity or 

abundance of key transcription factors (metabolic regulators), and increase (HMG-CoA) reductase activity in 

the liver which is accompanied by raised cholesterogenesis rate and a down-regulation in LDL receptors[20]. It 

has been reported that lecithin-cholesterol-acyltransferase LCAT activity - the enzyme involved in the 

transesterification of cholesterol, maturation of HDL and flux of cholesterol from cell membranes into HDL - 

tends to decrease in diet-induced situations of hypercholesterolemia. Moreover, the occurrence of an abnormal 

apoprotein (apo A-I) in HDL could also explain some changes in the LCAT activity [21].Concerning glucose 

homeostasis, there was a significant rise in blood glucose and insulin levels by 20.5% and 26.25% respectively, 

matching Axen et al, who found that consumption of high fat diet produced higher basal insulin release by the 

isolated islets that was attributed to insulin resistance in normal rats fed a high-fat diet [22,23] . However, Chen 
et al, found that rats fed a high-saturated fat diet displayed hyperinsulinemia without an elevation in the fasting 

plasma glucose level [23, 24].  

 

These discrepancies may be explained by variations in the composition of the diet and in the balance between 

the effects of lipids on insulin sensitivity and on insulin secretion. Studies explained elevated blood glucose and 

insulin levels in animals consuming high-fat diet assuming that chronic exposure to elevated levels of FAs 

induces an increase in FA oxidation and a decrease in glucose oxidation. This suggest that a glucose-FA cycle 

may be operative in the β- cell, assuming a defect in mitochondrial uncoupling proteins (UCPs) which uncouple 

mitochondrial respiration from oxidative phosphorylation, resulting in decrease ATP 

production[24,25].Saturated FA has proinflammatory actions, activates NF -B in monocytes and hepatocytes, 

which play an important role in the pathogenesis of local and systemic insulin resistance[26].Studies reported 

that ingestion of high SF induced increase in hepatic liposynthetic gene expression and impairment in glucose 
metabolism through: 1) impaired translocation of glucose transporter-4 activity, 2) suppressed expression of 

glucose transporter-4, 3) inhibited expression of hepatic glycolytic and lipogenic enzymes, and 4) impaired 

insulin signaling [27,28].  

 

4.1 Effect of diet rich in saturated fat on lipolytic activity of adipose tissue: 

In the presence of adrenaline, the lipolytic activity of obese rats showed a significant decline in SC 

adipose tissue by 15% and a significant rise in visceral adipose tissue by 18%, with a higher response in visceral 

adipose tissue compared to SC. In the presence of insulin there was a significant decrease in antilipolytic in both 

SC and visceral adipose tissue, by 30.33%% and 25.84% respectively, with SC adipose tissue being more 

compliant to the antilipolytic effect of insulin. Regional differences in catecholamine-induced lipolysis and 

sensitivity to the antilipolytic effects of insulin have been extensively described in in vitro studies. Visceral 
adipocytes are more sensitive to catecholamine-induced lipolysis than subcutaneous adipose cells, being equally 

(or slightly less) sensitive to both α2-and adenosine receptor-dependent inhibition of lipolysis, and less sensitive  
 

to insulin’s antilipolytic effect [5]. There is increased sensitivity to catecholamine-induced lipolysis in visceral 

fat in non-obese individuals due to increase in the amount of βl and β2-receptors, with normal receptor affinity 

and normal lipolytic action of agonists acting at post-adrenoreceptor steps in the lipolytic cascade; this is 

associated with enhanced β3-adrenoreceptor sensitivity, which reflects changes in receptor number in 

comparison with subcutaneous adipocytes [29] .The site-related differences in lipolytic activity of fat cells may 

be due to differences in cyclic AMP production and β-adrenoceptor number, as catecholamines increase cyclic 

AMP production by stimulating β-adrenoceptors which leads to a sequence of events including elevation of 
adenylyl cyclase, activation of A-kinase and phosphorylation of hormone sensitive lipase HSL, ultimately  
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resulting in an increase in lipolysis of fat cells as visceral fat cells contained a higher HSL activity than the 

subcutaneous cells[30]. Rat SC fat cells had lower HSL expressions compared to visceral fat cells [31].The of 

results of this study matched  other studies that showed that diet can alter the ability of fat cells to transmit 

signals and that feeding SFAs results in lower activities in two major enzymes of the Lipolytic cascade: 

adenylate cyclase and HSL in SC, as SFAs decrease maximum lipolytic response to catecholamines in SC 
adipocytes with no change in ligand binding to B-receptor or in maximum basal adenylate cyclase activity 

[5,32,33].It was found that visceral adipocytes of animals fed SFAs release more glycerol than those of fed 

control diet due to increased B3-adrenoceptor function, and decreased α2-adrenoceptor function [34].The results 

of this study run parallel with several epidemiologic and clinical studies that describe an association between 

high-fat diets and worsening of insulin sensitivity and consequently its antilipolytic activity in fat cells. As some 

of the adipokines participate in the regulation of lipolysis in adipose tissue, especially TNF-α and IL-6 

enhancing triglyceride hydrolysis, their plasma levels are positively associated with insulin resistance [35]. In 

addition, as visceral adiposity develops in SF fed rats, visceral adipocytes enlarge. Large adipocytes are more 

insulin resistant than smaller adipocytes and therefore less sensitive to insulin effects that suppress lipolysis and 

promote reesterification of fatty acids [36, 37].  

 

V. Conclusion 
Consumption of diet rich in saturated fat in male rats showed a significant rise in BW which is 

associated with hypertension, dyslipidemia, hyperglycemia and insulin resistance. The adipose tissue of obese 

male rats showed a significant decrease in lipolytic activity of SC with a significant rise in the corresponding 

values in visceral adipose tissue.  
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