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Introduction 
It has been reported that intra myocardial arteries are 
resistant to atherosclerosis.1 Chaowalite et al. have 
demonstrated that coronary arteries that are not 
surrounded by epicardial adipose tissue are protected 
against the onset and progression of atherosclerosis.2 It 
has also been shown that the risk of atherosclerosis in 
subcutaneous and mammary arteries is low in 
comparison with coronary arteries.3 There are significant 
differences between fatty acids’ profile of coronary and 
mammary arteries in atherosclerotic patients.4 It seems 
that the amount and type of fatty acids in adipose tissues 
play a pivotal role in the onset and development of 
atherosclerosis.5 According to Koustar and coworkers, 
plasma free fatty acids (FFAs) can enter into the 

subcutaneous and visceral adipose tissues.6 It has been 
proved that in healthy and non-obese young people the 
FFAs’ uptake into the visceral adipose tissue is much 
more than their uptake into the skin.7 Based on some 
evidence visceral adipose tissue is metabolically very 
active and therefore clinically important.8 Epicardial 
adipose tissue is a part of visceral adipose tissue that is 
deposited around the heart and epicardial coronary 
arteries.9 The thickness of epicardial adipose tissue is 
associated with the incidence and prevalence of 
cardiovascular disease.10 We have previously reported 
that epicardial FFAs’ profiles are different from that of 
subcutaneous adipose tissue in patients undergoing 
coronary artery bypass graft (CABG).11 In addition, in 
the high cholesterol-fed rabbits we have recently shown 
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that epicardial adipose tissue is very sensitive to changes 
in dietary fat than subcutaneous adipose tissue.12 

Patients with diabetes type II often have a high serum 
level of fatty acids.13 Reduction in FFAs’ oxidation and 
long chain FFAs’ accumulation has been reported in 
hyperglycemia.14 In spite of the frequent reports on the 
effect of diabetes or other metabolic diseases on the 
epicardial adipose tissue thickness15-17 and its role in the 
coronary artery complications, the effect of diabetes on 
the profile of epicardial FFAs has not been studied so 
far. In the present study, the effect of diabetes on the 
FFAs’ composition in serum and in the subcutaneous 
and pericardial adipose tissues has been investigated in 
patients undergoing CABG.  

 

Materials and methods  

Materials 

Methanol (HPLC grade), chloroform, methanol, benzene 
(HPLC grade), acetyl chloride, acetic acid, diethyl ether 
and hexane were purchased from Merck (Darmstadt, 
Germany). Internal standard powder and standard fatty 
acid methyl esters were obtained from Sigma-Aldrich 
Company. 

Patients 

Forty non-diabetic and twenty eight diabetic patients 
candidate for CABG with >75% stenosis were used in 
this study. All patients were accepted at Madani hospital 
in Tabriz. Hypertensive patients were excluded from the 
study which limited the number of participants. The 
proposal was approved by Regional Ethics Committee of 
Tabriz University of Medical Sciences. Patients with 
high blood cholesterol and hypertension were excluded 
from the study. The diabetic patients were evaluated and 
selected according to the WHO criteria.18 The baseline 
characteristics of the patients have been summarized in 
Table 1. 

 
Table 1. Baseline characteristics of patients without or with 
diabetes candidate for coronary artery bypass graft 

Variable  Non‐Diabetic (n=40)  Diabetic (n=20) p‐Value 

Age(Year)  57.6±6.9  53.4±7.6 0.102

Weight(kg)  76.2±11.3  71.5±11.2 0.1332

Height(cm)  166.1±8.5  160.4±8.6 0.0178

BMI(kg/m2  27.5±4.4  27.7±4.0 0.8649

Male:Female  2  1.5 

Smoking(%)  45  48  0.8542

FBS(mg/dl)  92.8±10.6  148.0±36.4 0.000

Hb A1c(%)  4.0±0.5  5.5±1.1  0.032

Cholesterol(mg/dl)  163.4±38.7  195.1±41.0 0.001

Triglyceride(mg/dl)  97.3 ±23.6  158.4±36.2 <0.0001

HDL(mg/dl)  38.4±9.8  36.1±6.8 0.3508

LDL(mg/dl)  101.2±37.9  116.0±46.7 0.1926

Sample collection  

Fasted blood sample (5 ml) was collected from each 
patient before operation; the serum was obtained after 
centrifugation at 2000 rpm for 5 minutes and kept at -
70C until use. The subcutaneous and epicardial adipose 
tissue samples (0.5-1.0 g) were obtained during the 
surgery. Epicardial adipose tissue biopsies were taken 
near the proximal right artery, and subcutaneous 
peripheral adipose tissue samples were obtained from the 
site of vein harvesting in the leg. Samples were dissolved 
in hexane and stored at -70C in glass vials for ≤3 
months until analysis. 

Measurement of metabolic parameters  

Serum FBS, cholesterol, triglyceride, HDL and LDL 
concentrations were assayed by standard kits (Pars 
Azemoon) using auto analyzer (Aboat). 

Phospholipids and non-estrified FFA extraction from 
serum 

The total lipids were separated from serum based on 
Bligh & Dyer protocol.19 The phospholipids and non-
estrified fatty acids’ (NEFAs) fractions were obtained 
using thin layer chromatography (TLC) technique. The 
FFAs of the obtained phospholipid and NEFA fractions 
were separated as follows: 

The fractions obtained from the TLC plate were 
transferred into a methanol/benzene (1:4) tube 
containing 50 mg/ml tridecanoic acid (the internal 
standard). Then, acetyl chloride was added into the tubes 
and the tubes were kept at boiling water for 60 minutes. 
To stop the reaction, potassium carbonate 6% was added 
into the tubes and immediately the tubes were 
centrifuged at 1,700 rpm for 4 minutes. The FFAs’ 
content of the supernatants was measured by gas 
chromatography method. 

Fatty acid extraction from adipose tissues 

First, hexane was evaporated from the vials containing 
epicardial and subcutaneous adipose tissues using 
nitrogen gas and the content of epicardial and 
subcutaneous adipose tissues, fatty acids, was 
determined as described before.20 The isolated fatty acids 
were converted to the corresponding methylated esters 
using acetyl chloride and methanol. The reaction mixture 
was neutralized by the appropriate amount of potassium 
carbonate and the methylated esters were extracted by 
hexane and kept at -70C under nitrogen gas until the 
analysis. 

Gas chromatography analysis 

The gas chromatography analysis was carried out by Gas 
chromatograph (Buck Scientific 610) with 6 m0.25 mm 
column (Teknokroma TR-CN100). The oven 
temperature was set at 170-210C (1C/min) at the 
beginning and then isothermalized for 45 min. The 
combined inter- and intra-assay of variation was 2.0, 2.8, 
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18.4 and 11.3% for palmitic acid (16:0), linoleic acid 
(18:2n-6), eicosapentaenoic acid (EPA), and 
docosahexaenoic acid (DHA), respectively. 

Statistical analysis 

The data were presented as mean±SD. The comparison 
of mean variables between groups was carried out using 
means-independent simple t-test. The equal or less than 
0.05 probabilities were considered as significant. All 
data analysis was performed using SPSS software.  
  
Results 
The demographic information of diabetic and non-
diabetic patients who participated in this study has been 
shown in Table 1. There was no significant difference 
between two groups regarding age, BMI, height, weight, 
and smoking. In diabetic and non-diabetic groups, the 
ratios of men to women were 1.5 to 2, respectively. The 
blood levels of glucose (p=0.000), glycosilated 
hemoglobin (HbA1c) (p=0.032), cholesterol (p=0.001) 
and triglyceride (p=0.000) were significantly high in the 
diabetic patients. However, the levels of cholesterol, 
LDL, and HDL were the same in both groups.  
The profile of fatty acids in phospholipid and FFA 
fractions in the serum of studied groups has been 
summarized in Table 2. 
 
Table 2. Fatty acids profile of serum free fatty acid and 
phospholipid fractions in patients without or with diabetes* 

Fatty Acids   Non‐Diabetic 
(n=40) 

Diabetic (n=20) p‐Value 

NEFAF**
 

   
12:0 (Lauric acid)  0.68±0.10

 
0.44± 0.09 0.038

16:0 (Palmitic acid)  28.50± 3.15  24.12± 1.22 0.011
20:4 n‐6 (Arachidonic acid)  0.64± 0.19  0.39± 0.07 0.015
PLF**

 
   

16:0 (Palmitic acid)  27.84± 1.82  25.01± 1.58 <0.0001
18:0 (Stearic acid)  13.15 ±1.24  14.62± 1.18 <0.0001
18:1 n‐9 (Oleic acid)  8.13± 1.24  8.96 ±1.08 0.0135
18:2 n‐6 (Linoleic acid)  22.95 ±2.64  20.25± 2.45 0.0003
18:3 n‐9 (Linolenic acid)  0.16 ±0.04  0.11±0.05 0.0001
MUFAs**

 
11.64 ±1.36  9.45± 1.32 <0.0001

*Only those fatty acids that their concentrations in the studied 
groups were found to be significantly different were included in 
the table. 
**NEFAF: non-esterified fatty acid fraction, PLF: phospholipid 
fraction, MUFAs: mono-unsaturated fatty acids. 
 
In the FFA fraction of diabetic patients, the percentage 
of the saturated FFA 12:0 was higher (p=0.038) than that 
of non-diabetics, whereas that of 16:0 was low 
(p=0.011). Meanwhile, the percentage of unsaturated 
fatty acid 20:3 n-9 in this fraction was found to be high 
(p=0.015) in non-diabetic patients than in diabetic. In 
contrast to FFA fraction, the fatty acids in the 
phospholipid fraction were more variable in both groups. 
In the phospholipid fraction of diabetic patients’ serum, 
the percentage of 16:0 (p=0.000) and 18:0 (p=0.000) 
were respectively lower and higher than the 
corresponding values in the non-diabetics. There was 

also a significant reduction in the percentage of 
monounsaturated fatty acids (MUFAs) in diabetic 
patients (p=0.000). The analysis of data indicated that 
this observation arose from the low level of 18:1n-
9(p=0.013). Regarding the polyunsaturated fatty acids’ 
(PUFAs) status, 18:3n-9 (p=0.000) and 18:2n-6 
(p=0.000) percentages in the serum phospholipid 
fraction of the diabetic patients were lower than those of 
the non-diabetics. 
The content of epicardial and subcutaneous adipose 
tissue FFAs has been demonstrated in Tables 3 and 4. 
 
Table 3. Fatty acids profile of epicardial adipose tissue in 
patients with or without diabetes  

Fatty Acids   Non‐Diabetic 
(n=40) 

Diabetic 
(n=20) 

p‐Value

12:0 (Lauric acid) 0.97±0.67  0.76± 0.36 0.373
14:0 (Myristic acid) 2.83 ±0.56  2.29 ± 0.68 0.081
16:0 (Palmitic acid) 28.39± 3.15  25.42± 2.90 0.021
16:1t (Palmitoleic acid) 1.32 ±0.26  2.04± 0.28 <0.0001
16:1n‐7 (Palmitoleic acid) 5.01 ±1.28  5.38± 1.85 0.843
18:0 (Stearic acid) 4.40 ±1.02  6.41± 1.08 0.003
18:1 t (Oleic acid) 4.48± 1.17  5.68 ±1.12 0.0004
18:1 n‐9 (Oleic acid) 33.41± 4.61  35.10 ±3.70 0.757
18:1n‐11 (Oleic acid) 2.58± 0.76  2.32 ±0.35 0.000
18:2 t (Linoleic acid) 1.28 ±0.22  1.42± 0.31 0.0480
18:2 n‐6 (Linoleic acid) 12.16 ±2.07  10.25± 1.95 0.630
18:3 n‐9 (Linolenic acid) 0.57± 0.23  0.62± 0.24 0.058
CLA (Conjugated Linoleic acid)  1.04± 0.18  0.71± 0.22 0.033
20:4 n‐6 (Arachidonic acid) 0.58± 0.15  0.60± 0.19 0.409
20:5 n‐3 (Eicosapentaenoic acid)  0.36 ± 0.09  0.18± 0.04 0.015
22:6 n‐3 (docosahexaenoic acid)  0.32± 0.11  0.16 ± 0.04 0.000

 
 
Table 4. Fatty acids profile of subcutaneous adipose tissue in 
the patients with or without diabetes  

Fatty Acids  Non‐Diabetic 
(n=40) 

Diabetic 
(n=20) 

p‐Value 

12:0 (Lauric acid) 0.82±0.21  0.87± 0.22 0.801
14:0 (Myristic acid) 2.48±0.66  2.68 ± 0.63 0.345
16:0 (Palmitic acid) 22.12± 3.71  22.70± 4.12 0.987
16:1t (Palmitoleic acid) 1.41 ±0.32  1.45± 0.29 0.6398
16:1n‐7 (Palmitoleic acid) 7.42 ±1.64  8.82± 1.56 0.033
18:0 (Stearic acid) 2.46 ±0.64  5.10± 1.32 0.000
18:1 t (Oleic acid) 4.54± 0.86  5.90 ±1.10 <0.0001

18:1 n‐9 (Oleic acid) 39.24± 4.84  35.10 ±4.16 0.311
18:1n‐11 (Oleic acid) 2.44± 0.66  1.60±0.48 0.000
18:2 t (Linoleic acid) 2.12 ±0.47  2.96± 0.52 0.330
18:2 n‐6 (Linoleic acid) 12.71 ±3.02  10.54± 1.91 0.630
18:3 n‐9 (Linolenic acid) 0.64± 0.16  0.50± 0.12 0.840
CLA (Conjugated Linoleic acid)  1.08± 0.24  0.69± 0.14 0.019
20:4 n‐6 (Arachidonic acid) 0.56± 0.13  0.25± 0.07 0.025
20:5 n‐3 (Eicosapentaenoic acid)  0.16 ± 0.03  0.15± 0.05 0.101
22:6 n‐3 (docosahexaenoic acid)  0.18± 0.04  0.17 ± 0.04 0.277

 

A 100% increase in the amount of FFA 18:0 (p=0.000) 
and 35% decrease in the level of 18:1n-11(p=0.000) 
were observed in the diabetic patients’ subcutaneous 
adipose tissue. Also, the content of arachidonic acid 
(20:4n-6) (p=0.025) and its precursor linoleic acid 
(18:2n-6) (p=0.040) in subcutaneous adipose tissue 
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showed a considerable reduction in the diabetic patients 
(Fig. 1). In addition to the level of 18:0, a significant rise 
was also observed in the content of 16:1n-7(p=0.033) 
and conjugated linolenic acids (CLAs) (p=0.019) in this 
tissue in diabetic patients (Fig. 1).  
The main saturated fatty acid (SFA) 16:0 showed a 
substantial (p=0.02) reduction in the diabetic patients’ 
epicardial adipose tissue. In this tissue, the increase of 
FFA 18:0 (p=0.003) and CLA (p=0.033) and the 

decrease of FFA 18:1n-11(p=0.000) were significant 
(Fig. 2). In contrast to subcutaneous adipose tissue, the 
contents of arachidonic acid and its precursor linoleic 
acid in the epicardial adipose tissue were not affected by 
diabetes, but the epicardial level of FFA 3 (20:5n-3) 
(p=0.015) and 22:6n-3 (p=0.000) showed 50% reduction 
in this patients (Fig. 2).  
 

 

 
Fig. 1. Comparison of fatty acids' profiles of epicardial adipose tissue in the patients with/ without diabetes, candidate for coronary artery 
bypass graft (TFAs: trans fatty acids, -6FAs: -6fatty acids, -3FAs: -3fatty acids, PUFAs: polyunsaturated fatty acids, MUFAS: 
monounsaturated fatty acids, SFAs: saturated fatty acids). 
 

 
Fig. 2. Comparison of fatty acids' profiles of subcutaneous adipose tissue in the patients with/ without diabetes, candidate for coronary 
artery bypass graft (TFAs: trans fatty acids, -6FAs: -6fatty acids, -3FAs: -3fatty acids, PUFAs: polyunsaturated fatty acids, MUFAS: 
monounsaturated fatty acids, SFAs: saturated fatty acids). 
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Discussion 
In this study, the profile of FFAs in subcutaneous and 
epicardial adipose tissues was evaluated in diabetic and 
non-diabetic patients candidate for CABG. Two groups 
were similar in terms of age, weight, BMI, the ratio of 
M/F, and smoking. In spite of receiving hypoglycemic 
medication, blood sugar as well as HbA1c were high in 
the diabetic patients and significantly different from the 
control group.21 This shows that blood sugar in the 
diabetic patients was not well controlled.Serum level of 
triglyceride was also high in the diabetic patients, which 
indicates long-term high glucose levels in these patients. 
A considerable increase in unsaturated fatty acids 12:0 
and16:0 and a significant decrease in unsaturated fatty 
acid 20:4n-6 levels were observed in the FFA fraction of 
serums obtained from diabetic patients with severe 
vascular involvement, candidate for CABG. To our best 
knowledge, this is the first report on the contents of 
FFAs in the serum of patients with type II diabetes of 
mellitus. Since the serum FFAs come from adipose 
tissue mobilization rather than diet,22 it can be 
considered as a pattern of fatty acids’ contents in the 
total body fat tissue. 
Palmitic acid is a major saturated FFA in serum. It has 
been reported that this FFA prevents the proliferation of 
vascular smooth muscle and formation of atherosclerotic 
plaques.23 The rise of palmitic acid concentration in the 
serum of obese patients with metabolic syndrome has 
been reported.24 The reduction of serum level of 
arachidonic acid in diabetic patients confirms the role of 
this FFA in the secretion of insulin from pancreatic β 
cells.25 It is not clear whether the increase of 16:0 and 
decrease of 20:4n-6 in the serum of diabetic patients is 
associated with cardiovascular complications. The 
increase of 16:0 and 18:0 in the serum and decrease of 
18:1n-9 in the serum phospholipid fraction of diabetic 
patients has previously been reported.26 Also, among 
PUFAs, a large decline of 18:2n-6, 20:3n-6 and 18:3n-3 
concentration in the serum of diabetic patients has been 
observed.26 The present study indicates a significant 
elevation of saturated FFAs and decline of MUFAs, 
18:2n-6 and 18:3n-9 concentrations in the serum of 
diabetic patients. A positive and independent relation 
between 16:0 and 18:0 serum phospholipid fractions 
with incidence of diabetes has been reported.27 The 
differences in the remaining FFAs profile in the serum 
phospholipid fraction between the diabetic and non-
diabetic patients undergoing CABG observed in the 
present study could be due to the differences in the 
patients’ diet. The relation between the profile of plasma 
phospholipid FFAs and patients’ diet has previously 
been reported.28 

 In the Atherosclerosis Risk in Communities (ARIC) 
study, a strong relationship has been reported between 
concentration of SFAs and PUFAs in serum 
phospholipid fraction and dietary style.29 The plasma 

MUFAs are mainly endogenous and are not affected by 
diet. Therefore, the reduction of MUFAs in the diabetic 
patients could be due to the disease. 
We have previously demonstrated that in non-diabetic 
patients undergoing CABG the content of SFAs in 
epicardial adipose tissue is more than that in 
subcutaneous adipose tissue. According to that study, the 
pattern of relation between the fatty acids in epicardial 
adipose tissue and serum cardiovascular risk factors is 
different from that in the subcutaneous adipose tissues.11 
In another study, we also reported that in high 
cholesterol fed rabbits, the change of epicardial FFAs’ 
(FFAs) profile was high and its compositions were 
different from subcutaneous adipose tissue’s.12  
Access to epicardial adipose tissue is limited and there 
are very few reports on the changes of FFAs’ 
composition in this tissue. To our knowledge, this study 
is the first report on the epicardial FFAs’ changes in 
diabetic patients candidate for CABG. Changes in tissue 
fatty acids’ composition are largely due to changes in the 
metabolic activity such as amount of uptake, 
mobilization and endogenous synthesis that occurs in 
diabetes.30 

Our results indicate a significant reduction in palmitic 
acid (16:0) level in the epicardial adipose tissue of the 
diabetic patients. On contrary, there was a significant 
increase in FFA18:0 level in both the epicardial and 
subcutaneous adipose tissues of patients. The findings 
show that palmitic acid prevents atherosclerosis through 
inhibiting proliferation and migration of vascular smooth 
muscle cells,23 while stearic acid (18:0) is not very active 
biologically.31 

The metabolic rate in epicardial adipose tissue and its 
metabolic exchange with the vessel wall is much more 
than other adipose tissues.32 The finding of our study 
highlights the influence of diabetes on epicardial 
atherosclerotic changes and is in line with the previous 
studies. In the present study, a significant reduction of 
18:1n-11 level in both epicardial and subcutaneous 
adipose tissues was observed in the diabetic patients, but 
the change in the subcutaneous adipose tissue is 
overwhelming. It has been shown that oleic acid, unlike 
palmitic acid, stimulates the incidence and progression 
of atheroma via stimulation of vascular smooth muscle 
cells’ proliferation.33 A considerable reduction in the 
contents of fatty acids 3 (20:5n-3 and 22:6n-3) and 
their precursor, 18:2n-6, in epicardial adipose tissue 
which was observed in the present study, is in parallel 
with the results of Garaulet et al. study.34 These authors 
showed a significant decrease of DHA in visceral tissue 
of morbidly obese patients. The present study also 
revealed a significant reduction of subcutaneous adipose 
tissue level of arachidonic acid (20:4n-6) in the diabetic 
patients. Arachidonic acid has an anti-diabetic role in 
stimulating insulin secretion from β cells.35 The fatty 
acid reduction in the vessel wall of diabetic patients has 
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also been reported.36 CLA and trans fatty acids’ changes 
in the epicardial adipose tissue in the diabetic patients 
are more than that in the subcutaneous adipose tissue. 
However, a significant increase of these fatty acids is 
seen in both tissues in diabetic patients. The relationship 
between the level of trans fatty acid and food intake has 
not been reported so far. Therefore, the change in the 
profile of fatty acids in the tissues is a pattern of 
metabolic changes caused by diabetes. It has been shown 
that atherosclerosis can be remarkably affected by trans 
fatty acids.37 

 The results of this study were limited to patients 
candidate for CABG with more than 75% vascular 
involvement and, therefore, not comprehensive. 
Although both groups were matched in terms of 
anthropometric specifications and lipid profile (except 
triglyceride), the type of nutrition and disease control 
can affect the results. However, in order to maximally 
match the studied groups, individuals with 
hypercholesterolemia and hypertension were excluded 
from this study. 
 
Conclusion 
The effect of diabetes on the fatty acids’ profile of 
epicardial and subcutaneous adipose tissues is not equal. 
The significant decrease of 16:0 and 3 fatty acids and 
increase of trans and conjugated fatty acids in epicardial 
adipose tissue in the diabetic patients may worsen the 
formation of atheroma in the related arteries. 
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