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	 Background:	 Oxidative stress (OS) is known to be extremely damaging for phospholipids in cell membranes, especially their 
polyunsaturated fatty acids (PUFAs). OS is known to be associated with increased platelet activation and throm-
bosis, which lead to cardiovascular lesions. The aim of this study was to investigate how changes in the com-
position of fatty acids (FAs) in the platelet phospholipid membrane correlate with OS in healthy men and in 
men who have experienced a myocardial infarction (post-MI men).

	 Material/Methods:	 FA methyl esters from the platelet phospholipid membrane of 79 apparently healthy and 20 post-MI men were 
identified using gas chromatography/mass spectrometry. Malondialdehyde (MDA) was measured in the blood 
serum using high-performance liquid chromatography, and platelet-white blood cell aggregates (PWAs) were 
analysed based on whole-blood flow cytometry. The composition of platelet membrane FAs was compared to 
MDA concentration (µg/l) and the percentage of PWA formation between healthy men and individuals who 
had suffered a myocardial infarction (MI).

	 Results:	 Statistically, post-MI patients had a significantly higher concentration of blood serum MDA than those in the 
control group (p=0.000). The level of PUFAs was also higher in the platelet phospholipid membrane of post-
MI patients than in healthy individuals (p=0.016). However, the percentage of PWA formation was lower in pa-
tients compared with the control group (p<0.05).

	 Conclusions:	 A higher level of blood serum MDA concentration due to OS stimulates platelets to incorporate more PUFAs 
into the phospholipid membrane, thereby affecting platelet activation. This may lead the individual to devel-
op cardiovascular diseases in the future.
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Background

Cardiovascular diseases (CVDs) are the principal global cause of 
death [1]; each year CVDs cause 3.9 million deaths in Europe [2]. 
According to the WHO, the most important behavioural risk 
factors associated with heart disease are an unhealthy diet, 
physical inactivity, tobacco use, and abuse of alcohol [1,3]. 
The risk factors mentioned above, together with an increase 
in caloric intake over the past 100 years, have contributed to 
an intensified generation and accumulation of reactive oxy-
gen species (ROS), leading to the development of oxidative 
stress (OS) in cells [4].

Phospholipids in cell membranes, especially their polyunsat-
urated fatty acids (PUFAs), are extremely sensitive to OS and 
lipid peroxidation. ROS modify the lipid composition, as well 
as the structure and dynamics of cell membranes, through 
lipid peroxidation [5]. Under these conditions, the structure, 
activity, and physical properties of the cell itself may change; 
these changes can lead to alterations in the production of bi-
ologically active compounds, which in turn influences the ath-
erogenic and prothrombotic effects in the human body [6].

Lipids account for 16-19% of dry platelet matter and include 65% 
phospholipids [7]. Glycolipids and phospholipids are well-known 
targets of damaging and potentially lethal peroxidative modifi-
cation [8]. Lipid products, such as eicosanoids, derived from w3 
or w6 PUFAs, also significantly regulate and alter the function 
of platelets [9]. Moreover, the induction of platelet aggregation 
by arachidonic acid is associated with the formation of large 
amounts of malondialdehyde (MDA), which is a lipid peroxida-
tion product. Platelets are therefore acknowledged to be one 
of the main sources of lipid peroxidation in human blood [10].

Malondialdehyde is among the most thoroughly investigated 
products of lipid peroxidation. This biological marker of OS is 
produced from PUFAs with 2 or more methylene-interrupt-
ed double bonds. MDA exists in 2 forms – free or covalently 
– bound to/conjugated with proteins, nucleic acids, lipopro-
teins, and certain amino acids [10,11]. The measurement of 
MDA values can be made in a variety of biological samples: 
in plasma, serum, tissues, and occasionally in urine [10,12]. 
According to scientific data, MDA contributes to many patho-
logical conditions and diseases [5], being associated with car-
cinogenic and cytotoxic effects on the cell [13-17], thrombo-
sis, and increased platelet activity [18].

We therefore designed this study to examine the associa-
tion between changes in the composition of fatty acids (FAs) 
in the platelet phospholipid membrane, the concentration of 
blood serum MDA, and the formation of platelet-white blood 
cell aggregates (PWAs) in healthy men and those who had an 
MI (post-MI patients).

Material and Methods

Study Design and Patient Selection

A case-control study was carried out on a group of 20 post-MI 
and 79 volunteer men. It sought to establish the association 
between the platelet phospholipid membrane FA spectrum 
and markers of OS. The case group consisted of patients 40 
to 60 years of age (average age 52.2±11.3 years) who had a 
single myocardial infarction (MI) and whose coronary angiog-
raphy had confirmed coronary occlusion of more than 50% in 
at least 2 arteries. Coronary catheterization and coronary an-
gioplasty were performed on all patients. At the time a blood 
sample was collected, the patients were under antihyperten-
sive treatment and received aspirin and statins. In addition, 
the post-MI patients had been treated for myocardial infarc-
tion at least 3 months prior to their inclusion in this study.

All post-MI patients had primary arterial hypertension. Eight 
patients had been diagnosed with diabetes mellitus. Various 
systemic inflammatory diseases (such as podagra, psoriasis, 
or autoimmune diseases) affected 5 patients at the time of 
blood collection. The control group of 79 apparently healthy 
men (average age 36.5±10.8 years) had no prior history of 
any cardiac or chronic diseases, strokes, venous thromboem-
bolisms, and were not being treated for CVDs. No female sub-
jects were included in this study, as males are known to have 
an earlier onset of disease than females [19].

All individuals were enrolled at Vilnius University Hospital 
Santaros Clinics and filled out written consent forms to partici-
pate in this study. The research was conducted at the laborato-
ry of the Department of Physiology, Biochemistry, Microbiology, 
and Laboratory Medicine of the Institute of Biomedical Sciences 
at the Faculty of Medicine of Vilnius University. The study proto-
col was approved by the Vilnius Regional Bioethics Committee 
(Approval No. 15820-15-807-319, No. 219/2-1093-592) and 
was supported by the Research Council of Lithuania (Grant 
No. MIP-050/2015).

Distribution of Individuals and Sequence of Assays

In the investigation of OS influence on the FA composition of 
the platelet phospholipid membrane of healthy (N=79) and 
post-MI men (N=20), blood serum MDA concentration (μg/l) 
was first measured. Then, all the subjects (N=99) were test-
ed for platelet activation markers to assess the percentage 
of PWA (ie, formation of platelet and monocyte aggregates 
[PMA], platelet and neutrophil aggregates [PNA], and platelet 
and lymphocyte aggregates [PLYA]). Finally, the composition 
of platelet phospholipid membrane FA was determined both 
in post-MI patients and healthy volunteers (N=99) (Figure 1).

e929634-2

Bikulčienė I. et al: 
Fatty acid in platelet phospholipid membrane and markers of oxidative stress after MI

© Med Sci Monit Basic Res, 2021; 27: e929634
HUMAN STUDY

Indexed in:  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



The results of assays in this study were compared between pa-
tients and the control group. The correlation between the FA 
spectrum of the platelet phospholipid membrane and MDA con-
centration in blood serum in post-MI men was also calculated.

Determination of MDA Concentration in Blood Serum

A method published by Khoschsorur et al, with some minor 
modifications, was used to measure the concentration of blood 
serum MDA (μg/l) [20]. The sample preparation serves for the 
sample purge and for the derivatization of the analyte with 
thiobarbituric acid (TBA) into a detectable form (ie, the MDA-
TBA adduct). MDA concentration was determined using the 
Shimadzu Nexera X2 UHPLC system (Shimadzu). Data were col-
lected and processed using LabSolutions software (Shimadzu).

Platelet Extraction

To obtain platelets from all subjects, blood samples were col-
lected in a sodium heparin vacutainer tube and centrifuged 
immediately at 3000 g rcf for 10 min. Then, ¾ of the plasma 
was removed without touching the cell and the buffy coat. 
The remaining portion (ie, ¼ of the plasma), rich in thrombo-
cytes, was extracted and mixed with freezing media (Biological 
Industries, Israel) at a ratio of 2: 1 and frozen at -80°C [21,22].

Measurement of Platelet Activation

Measurement of PWAs was performed by flow cytometric (BD 
FACS Canto, BD Biosciences, USA) analysis of platelet sur-
face antigens in agonist non-stimulated EDTA anticoagulated 
blood not later than 10 min after blood collection. WBC sub-
populations (neutrophils, monocytes, and lymphocytes) were 
gated on CD45 vs CD14 dot plot according to the CD45/CD14 
expression: neutrophils (CD45+, CD14–, high side-scattered 
light), monocytes (CD45+, CD14+, mean side-scattered light), 
and lymphocytes (CD45++, CD14–, low side-scattered light). 
Platelet marker CD42a expression on these WBC subpopula-
tions was measured and the percentage of positive population 
was calculated. Data analysis was carried out using BD FACS 
Diva software (version 6.1.2). Combination of WBC markers 
together with platelet markers on WBC subpopulations is con-
sidered to be characteristic for PWAs and is an indicator of the 

adhesion phase. The results were presented as marker expres-
sion percentages and mean of fluorescence intensity of the 
platelet marker expression on the studied WBC subpopulations.

Extraction and Determination of Platelet Membrane FAs

The lipid extraction was carried out according to Folch meth-
od [23]. The dried extract was resuspended for further thin-lay-
er chromatography (Sil G-25 UV 254) analysis [24]. FA methyl 
esters of platelet membrane phospholipids were analyzed by 
gas chromatography/mass spectrometry (GCMS-QP2010 Ultra 
– Shimadzu). Data analysis was carried out using LabSolutions 
software (Shimadzu).

The content of each FA was calculated from the total FAs 
amount (100%), counting the percentage of total SFAs (C 
14: 0, C 16: 0, C 18: 0), MUFAs (C 16: 1w7, C 18: 1w9, C 18: 
1w7, C 20: 1w9), PUFAs (C 18: 2w6, C 18: 3w3, C 20: 4w6, C 
20: 5w3, C 22: 5w3, C 22: 6w3), the percentage of PUFAs w3 
and PUFAs w6, and ratios: PUFAs w3 to PUFAs w6, PUFAs to 
SFAS, C 18: 2w6 to C 20: 4w6, C 18: 3w3 to C 20: 5w3, C 20: 
4w6 to C 20: 5w3.

Statistical Analysis

Statistical analysis was performed by using Microsoft Excel 
2016 and IBM SPSS software (version 26.0). The normality of 
distribution was tested using the Shapiro-Wilk’s W test. The 
Mann-Whitney U nonparametric test was used to assess dif-
ferences between the groups for significance. The correlation 
between variables was determined by Spearman’s rank cor-
relation coefficient.

Data are expressed in the median, minimum, maximum, and 
interquartile range (IQR). Differences were considered statis-
tically significant when P<0.05.

Results

According to our study results, MDA concentration was statis-
tically significantly lower in the control group than it was in 
the group of post-MI patients (p=0.000) (Figure 2).

Post-myocardial
infarction patients

(N=20)

Control group of
healthy individuals

(N=79)

Determination of malondialdehyde
concentration in the blood serum

(N=99)

Determination of platelet
activation markers in the

blood
(N=99)

Determination of platelet
membrane fatty acids

(N=99)

Figure 1. �The distribution of study population and sequence of assays.
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The results of platelet activation markers (Table 1) in whole 
blood showed that in post-MI patients, PWA formation had 
reached a statistically significantly lower percentage than in 
healthy individuals. Additionally, the percentages of PMA, PNA, 
and PLYA formation separately were higher in the control group 
than the levels found in the whole-blood samples of post-MI 
patients (p=0.000; p=0.001; p=0.000).

For further analysis, 13 platelet phospholipid membrane FAs 
were identified in all subjects (Table 2). Our results showed 
that the total sums of saturated fatty acids (SFAs) and mono-
unsaturated fatty acids (MUFAs) separately did not differ when 
we compared healthy individuals to post-MI patients (medi-
an 69.34, IQR 21.40 vs median 70.86, IQR 21.49, p=0.547 and 
median 13.91, IQR 9.84 vs median 15.8, IQR 7.99, p=0.469). 

However, statistically significantly less C 20: 1w9 was found 
in patients than in the control group (median 1.38, IQR 0.91 
vs median 3.09, IQR 3.46, p=0.000).

The level of PUFAs was statistically significantly higher in the 
platelet phospholipid membranes of post-MI patients than in 
healthy individuals (median 16.78, IQR 10.37 vs median 10.99, 
IQR 10.27, p=0.016) (Figure 3). Moreover, post-MI men had a 
higher ratio of PUFAs to SFAs than the control group of healthy 
men (median 0.25, IQR 0.21 vs median 0.15, IQR 0.18, p=0.037).

Assessing the total sum of w6 PUFAs, we observed that post-
MI men had statistically significantly more w6 PUFAs in their 
platelet phospholipid membrane than the healthy men (me-
dian 10.81, IQR 8.01 vs median 7.44, IQR 9.02, p=0.022). The 
levels of C 18: 2w6 and C 20: 4w6 separately were also high-
er in post-MI patients compared to the control group (median 
8.45, IQR 6.05 vs median 6.25, IQR 7.87, p=0.045 and median 
2.02, IQR 2.31 vs median 0.9, IQR 1.46, p=0.002). Furthermore, 
the ratio of C 18: 2w6 to C 20: 4w6 was found to be approx-
imately 2-fold lower in the platelet phospholipid membrane 
of post-MI men compared to the control group of healthy in-
dividuals (median 3.20, IQR 4.43 vs median 6.12, IQR 7.61, 
p=0.014) (Figure 4).

Our results also showed that post-MI men had statistical-
ly significantly more C 20: 5w3 and C 22: 6w3 in their plate-
let phospholipid membrane than the control group (median 
0.88, IQR 0.48 vs median 0.38, IQR 0.68, p=0.000 and medi-
an 1.12, IQR 0.88 vs median 0.62, IQR 1.02, p=0.005). In ad-
dition, the ratio of C 18: 3w3 to C 20: 5w3 was 2 times low-
er in patients with chronic coronary heart disease compared 
to healthy individuals (median 1.76, IQR 1.47 vs median 3.65, 
IQR 6.22, p=0.017) (Figure 5).
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Figure 2. �Box plots representing a comparison of blood serum 
malondialdehyde concentration (µg/l) between the 
control group of healthy individuals and the post-
myocardial infarction patients. P=0.000, n=99. MDA 
– malondialdehyde.

Percentage of platelet-white 
blood cell aggregate formation

Median, minimum, 
maximum

Control group of healthy 
individuals (N=79)

Post-myocardial infarction 
patients (N=20)

P value

Platelet and monocyte 
aggregates

Med. 9.55 5.90 0.000

Min. 3.70 2.70

Max. 14.50 7.00

Platelet and granulocyte 
aggregates

Med. 9.30 7.25 0.001

Min. 3.60 4.90

Max. 15.3 8.20

Platelet and lymphocyte 
aggregates

Med. 9.60 6.55 0.000

Min. 4.40 3.30

Max. 15.1 7.30

Table 1. �A comparison of platelet-white blood cell aggregate formation percentages in whole blood between post-MI patients and the 
control group of healthy individuals.
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FAs
(provided by percentage of 

total amount)

Median, minimum, 
maximum

Control group of healthy 
individuals (N=79)

Post-myocardial infarction 
patients (N=20)

P value

C 14: 0* Median 3.08 3.02 0.499

Minimum 0.81 2.29

Maximum 8.75 7.35

IQR 1.99 2.08

C 16: 0 Median 47.00 46.17 0.713

Minimum 20.53 23.76

Maximum 65.11 58.96

IQR 13.71 14.55

C 18: 0 Median 20.47 18.47 0.217

Minimum 8.76 6.92

Maximum 43.87 26.56

IQR 6.11 6.57

C 16: 1w**7 Median 1.46 2.22 0.117

Minimum 0.18 0.52

Maximum 15.7 26.03

IQR 1.46 2.00

C 18: 1w7 Median 1.24 1.55 0.057

Minimum 0.13 0.54

Maximum 6.90 3.00

IQR 0.94 1.35

C 18: 1w9 Median 7.11 6.21 0.971

Minimum 0.46 1.91

Maximum 22.05 16.91

IQR 7.45 7.51

C 20: 1w9 Median 3.09 1.38 0.000

Minimum 0.36 0.69

Maximum 56.77 8.14

IQR 3.46 0.91

C 18: 2w6 Median 6.25 8.45 0.045

Minimum 0.40 2.29

Maximum 21.46 15.27

IQR 7.87 6.05

Table 2. �A comparison of the composition of fatty acids in the phospholipid membrane of platelets between post-myocardial infarction 
patients and the control group of healthy individuals.
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Table 2 continued. �A comparison of the composition of fatty acids in the phospholipid membrane of platelets between post-
myocardial infarction patients and the control group of healthy individuals.

FAs
(provided by percentage of 

total amount)

Median, minimum, 
maximum

Control group of healthy 
individuals (N=79)

Post-myocardial infarction 
patients (N=20)

P value

C 18: 3w3 Median 1.55 1.29 0.917

Minimum 0.03 0.30

Maximum 21.66 5.55

IQR 2.00 1.61

C 20: 4w6 Median 0.90 2.02 0.002

Minimum 0.02 0.67

Maximum 9.10 6.65

IQR 1.46 2.31

C 20: 5w3 Median 0.38 0.88 0.000

Minimum 0.05 0.46

Maximum 3.75 1.84

IQR 0.68 0.48

C 22: 5w3 Median 0.51 0.86 0.084

Minimum 0.02 0.19

Maximum 2.76 2.54

IQR 0.66 0.55

C 22: 6w3 Median 0.62 1.12 0.005

Minimum 0.02 0.18

Maximum 3.95 2.51

IQR 1.02 0.88

S SFA
(C 14: 0 + C 16: 0 + 
C 18: 0)

Median 70.86 69.34 0.547

Minimum 31.17 35.25

Maximum 93.0 85.68

IQR 21.49 21.40

S MUFA Median 15.8 13.91 0.469

Minimum 3.69 5.04

Maximum 62.8 43.88

IQR 9.84 7.99

S PUFA Median 10.99 16.78 0.016

Minimum 1.33 6.28

Maximum 34.97 25.64

IQR 10.27 10.37
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FAs
(provided by percentage of 

total amount)

Median, minimum, 
maximum

Control group of healthy 
individuals (N=79)

Post-myocardial infarction 
patients (N=20)

P value

S w3 Median 3.85 4.36 0.144

Minimum 0.59 1.88

Maximum 25.46 10.38

IQR 3.41 3.16

S w6 Median 7.44 10.81 0.022

Minimum 0.49 3.29

Maximum 28.28 18.90

IQR 9.02 8.01

Ratio of w3/w6 Median 0.47 0.48 0.749

Minimum 0.08 0.23

Maximum 8.21 1.033

IQR 0.84 0.37

Ratio of PUFA/SFA Median 0.15 0.25 0.037

Minimum 0.01 0.07

Maximum 0.7 0.59

IQR 0.18 0.21

Ratio of C 18: 2w6/ 
C 20: 4w6

Median 6.12 3.20 0.014

Minimum 0.54 1.19

Maximum 118.0 21.61

IQR 7.61 4.43

Ratio of C 18: 3w3/ 
C 20: 5w3

Median 3.65 1.76 0.017

Minimum 0.04 0.38

Maximum 83.31 9.10

IQR 6.22 1.47

Ratio of C 20: 4w6/ 
C 20: 5w3

Median 1.98 1.49 0.861

Minimum 0.09 0.72

Maximum 17.70 14.46

IQR 2.94 2.38

Table 2 continued. �A comparison of the composition of fatty acids in the phospholipid membrane of platelets between post-
myocardial infarction patients and the control group of healthy individuals.

SFAs – saturated fatty acids; MUFAs – monounsaturated fatty acids; PUFAs – polyunsaturated fatty acids; FAa – fatty acids; 
* number of carbon atoms and double bonds; ** position of double bond between carbon atoms in the molecule; S – total sum 
in percentages.
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According to the results of the Spearman test, a moderate 
positive correlation between C 18: 0 and MDA concentra-
tion (r=0.466), as well as a moderate inverse correlation be-
tween w3 and MDA concentration (r=-0.453), were observed 
after comparing the platelet phospholipid membrane FA spec-
trum to blood serum MDA concentrations in post-MI patients 
(Table 3). The differences, however, were not statistically sig-
nificant (p=0.060; p=0.068).

Discussion

According to our data, the concentrations of MDA in the blood 
serum were approximately 2 times higher in post-MI patients 

than in heathy volunteers. This result could be explained by 
an intensified peroxidation of lipids observed in patients with 
chronic coronary heart disease due to the disrupted balance 
between the depletion of antioxidants and/or accumulation of 
ROS in the cell. MDA has been widely used as one of the most 
popular, convenient, and reliable biomarkers for lipid peroxi-
dation of w3 and w6 PUFAs. It is also used as a marker for OS 
in clinical situations [8] such as obesity, type II diabetes [4], 
CVDs [6], thrombosis, and increased platelet activity [18]. MDA 
covalent adducts of amino groups, including the ε-amine of ly-
sine, are also formed on platelet activation and are increased 
in diseases associated with platelet activation [25].

Recent literature supports that platelet activation itself can gen-
erate MDA via radical catalysed lipid peroxidation (eg, through 
activation of the enzyme nicotinamide adenine dinucleotide 
phosphate oxidase [NADPH oxidase] and inhibition of the ex-
pression of genes encoding antioxidant enzymes [26]) in ad-
dition to that generated via cyclooxygenase-1 [18]. Activated 
platelets also more intensely form aggregates with monocytes 
and are involved in the development of arterial and venous 
thrombosis. Furthermore, OS can increase platelet activity by 
reducing the bioavailability of nitric oxide, which is known 
to inhibit platelet aggregation, monocyte adhesion, vascular 
smooth muscle cell proliferation and migration, and further 
progression of arterial thrombosis [27,28].

As mentioned above, platelets are one of the major culprits in 
the pathogenesis of CVDs [29-31]. Circulating PMAs have been 
shown to be elevated in patients with peripheral artery dis-
ease [32], CVD [33], unstable angina [34], and acute myocar-
dial infarction [35]. Circulating T lymphocyte activation is also 
present in ischemic heart disease, especially in patients who 
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Figure 3. �Box plots representing a comparison of 
polyunsaturated fatty acid percentages between 
the control group of healthy individuals and post-
myocardial infarction patients. P=0.016, n=99. 
PUFAs – polyunsaturated fatty acids.
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had acute myocardial infarction [36]. PNAs are also more like-
ly to be related to pathological developments associated with 
coronary artery abnormalities [37]. The data we gathered from 
determining whole-blood platelet activation markers in post-
MI patients showed the opposite, however. The percentages 
of PWA formation (ie, PMAs, PNAs, and PLYAs separately) were 
statistically significantly 2 times lower in post-MI patients than 
in the control group (p<0.05). This is probably due to the low-
dose (75 mg per day) consumption of aspirin, as all patients 
in our study were receiving antiplatelet therapy. On the other 
hand, Allen et al found that PMAs did not significantly differ 

with low-dose aspirin. The researchers also found that clopi-
dogrel was able to decrease circulating PMAs and was partic-
ularly effective in reducing cardiovascular events compared 
to aspirin [29]. Nevertheless, these observations constantly 
demonstrate the necessity for further studies, since human 
monocytes display a range of heterogeneity, having at least 3 
subtypes [38]. Each subtype is hypothesized to have a unique 
function, and the association between monocyte subtype and 
PMA is relatively unexplored [29].

We identified and analyzed the composition of the platelet 
phospholipid membrane FAs of the participants in this study 
to add another dimension to the analysis. The results showed 
that there were no statistically significant differences associat-
ed with SFAs between patients and the control group as well 
as MUFAs between patients and the control group. However, 
SFAs did account for the highest percentage of all FAs in the 
platelet phospholipid membrane of the individuals in this study. 
For both groups, C 16: 0 was the main FA of the platelet mem-
brane. According to recent scientific data, higher levels of SFAs 
are detected in those cell membranes that are closely related 
to signalling mechanisms [39,40]. C 14: 0 and C 16: 0 can co-
valently modify proteins associated with signal transmission 
(eg, N-myristoylated proteins [41]) and are thought to take 
part in the regulation of transcription factors that modify lip-
id metabolism: cholesterol, FAs, and triacylglycerol biosynthe-
sis; lipoprotein assembly, secretion and clearance (eg, the he-
patocyte nuclear factor-4); and inflammation (eg, the nuclear 
factor kappa-light-chain-enhancer of activated B cells) [42,43]. 
Moreover, the proportion of SFAs may be higher than that of 
PUFAs in plasma, platelets, and erythrocyte lipids, since these 
FAs are selectively incorporated in the stable sn-1 position of 
glycerophospholipids [44].

Our results also showed that C 18: 1w9 accounted for the 
highest percentage of FAs compared to other MUFAs in both 
groups. The same tendency was observed in other scientific 
studies [40,45-47]. However, in our case, the difference was 
not statistically significant: this result could be explained in 
several ways. First, the lack or absence of w3 and w6 PUFAs: 
this may intensify C 18: 1w9 synthesis, as it is the precursor 
of other w9 PUFAs required for cell membranes,[40] but not 
for the synthesis of biologically active compounds [48,49]. 
Second, C 18: 1w9 FA is the most prevalent and is found in 
high amounts in many oils such as olive, peanut, palm, canola/
rapeseed, and sunflower [50]. The well-known Mediterranean 
diet, rich in olive oil, reduces the incidence of CVDs, Parkinson 
disease, Alzheimer disease, and cancer [51]. This diet also re-
sults in the downregulation of circulating inflammatory bio-
markers [52] and OS. Thus, we assume that a diet high in C 18: 
1w9 or/and an intensified production of C 18: 1w9 MUFA might 
have elevated the percentage of this earlier-mentioned FA in 
the platelet phospholipid membrane of all our study subjects.

FAs
(provided by percentage of 

total amount)

Spearman’s 
rho

P 
value

C 14: 0* -0.369 0.145

C 16: 0 0.257 0.319

C 18: 0 0.466 0.060

C 16: 1w**7 -0.157 0.548

C 18: 1w7 0.147 0.573

C 18: 1w9 -0.272 0.290

C 20: 1w9 -0.255 0.323

C 18: 2w6 -0.255 0.323

C 18: 3w3 -0.110 0.673

C 20: 4w6 -0.086 0.743

C 20: 5w3 -0.404 0.107

C 22: 5w3 -0.218 0.400

C 22: 6w3 -0.395 0.117

S SFAs 0.270 0.295

S MUFAs -0.370 0.144

S PUFAs -0.257 0.319

S w3 -0.453 0.068

S w6 -0.188 0.471

Ratio of w3 to w6 -0.022 0.933

Ratio of PUFA to SFA -0.365 0.149

Ratio of C 18: 2w6 to 
C 20: 4w6

-0.191 0.462

Ratio of C 18: 3w3 to 
C 20: 5w3

0.162 0.535

Table 3. �The correlation of the fatty acid spectrum in the 
phospholipid membrane of platelets with blood serum 
malondialdehyde concentration in post-myocardial 
infarction patients.

e929634-9

Bikulčienė I. et al: 
Fatty acid in platelet phospholipid membrane and markers of oxidative stress after MI
© Med Sci Monit Basic Res, 2021; 27: e929634

HUMAN STUDY

Indexed in:  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



After separately comparing PUFAs and the ratio of PUFAs to 
SFAs, the results of our present study showed that they were 
both higher in the platelet phospholipid membrane in post-MI 
patients than in the control group. The increased level of PUFAs 
in these patients, along with a higher blood serum MDA con-
centration, could be explained as a platelet response that oc-
curs to prepare for future activation. Increased oxidation stim-
ulates the platelets to synthesise and incorporate more PUFAs 
in the platelet phospholipid membrane, consequently leading 
to modifications in platelet function [44,53].

In vivo biosynthesis of long-chain PUFAs requires the precur-
sors FAs C 18: 2w6 and C 18: 3w3, when a series of desaturase 
and elongase enzymes catalyse the conversion, or they can be 
directly obtained from the diet [54]; for example, the major 
dietary sources of C 18: 2w6 are vegetable oils, nuts, seeds, 
meats, and eggs [55], while the dietary sources of C 18: 3w3 
are linseed oil, kiwifruit oil, chia seed oil, canola (rapeseed) 
oil, soybean, purslane, and walnuts [56]. In our present study, 
post-MI patients had a statistically significantly higher level 
of C 18: 2w6 compared to healthy individuals. The percentage 
of w6 PUFAs was also found to be higher in post-MI patients. 
It is well-known that omega FAs are inflammation-modulat-
ing agents, which can stimulate or suppress the synthesis of 
pro- and/or anti-inflammatory cell signalling molecules. For 
instance, C 18: 2w6 and C 18: 3w6 are able to indirectly pro-
voke the synthesis of ROS superoxide, a pro-inflammatory me-
diator, mainly by activating p47 and NADPH oxidase enzyme 
complex before increasing the expression of vascular cell ad-
hesion molecule-1 (VCAM-1) [56,57]. VCAM-1, according to a 
recent study, helps regulate inflammation-associated vascular 
adhesion and the transendothelial migration of leukocytes [58].

Another w6 FA that is also claimed to be one of the most rec-
ognizable potent bioactive lipid mediators is C 20: 4w6. This 
FA directly impacts inflammation as it can in vitro enhance the 
ability of endothelial cells to bind monocytes, thus facilitating 
the pro-inflammatory process [59]. Furthermore, in vivo, C 20: 
4w6 plays a role in the enzymatic production of pro-inflamma-
tory prostaglandins (PGs), thromboxanes (TXs), and leukotri-
enes (LTs), which are thought to be mediators and regulators 
of inflammatory responses [50]. Our results also corroborate 
the aforementioned C 20: 4w6-induced pro-inflammatory pro-
cess. Individuals with chronic coronary heart disease had an 
approximately 2-fold higher level of C 20: 4w6 in the platelet 
phospholipid membrane than the control group of this study. 
Furthermore, the ratio of C 18: 2w6 to C 20: 4w6 was also 2 
times lower in post-MI patients. A higher percentage of w6 
PUFAs in the platelet phospholipid membrane of patients with 
chronic coronary heart disease may therefore lead to a high-
er amount of pro-inflammatory biologically active compounds 
synthesised from w6 PUFAs. Moreover, a more intensive con-
version of C 18: 2w6 to C 20: 4w6 with a higher concentration 

of blood serum MDA in post-MI patients reaffirm our hypoth-
esis of platelet preparation for the synthesis of pro-inflamma-
tory eicosanoids leading to further platelet activation.

The effect of w3 PUFAs on the cardiovascular system is oppo-
site that of w6. An increased consumption of dietary w3 has 
a cardioprotective effect via a reduction in blood pressure and 
serum/plasma triacylglycerol levels, an antithrombotic effect, 
an anti-inflammatory effect, an increase in heart rate vari-
ability, and secondary prevention of CVD [28,60]. Moreover, 
long-chain w3 PUFA (eg, C 22: 6w3) can modulate the gene 
expression of the enzyme or enzymes that are involved in the 
formation and metabolism of plasma homocysteine, an inde-
pendent CVD risk factor [61]. According to published literature, 
the aforementioned protective effect of w3 PUFAs comes from 
reducing the availability C 20: 4w6 for producing lipid media-
tors through the cyclooxygenase and lipoxygenase pathways 
– including 4-series LT, 2-series PG, and TX – while increasing 
the production of 5-series LT, and 3-series PG, and TX. 3-series 
C 20: 5w3-derived eicosanoids are thought to be less potent 
than C 20: 4w6-derived eicosanoids, thus contributing to anti-
inflammatory effects, as well as anti-aggregatory and vasodi-
latory effects [62]. In addition, both C 20: 5w3 and C 22: 6w3 
undergo a series of reactions involving cyclooxygenase-2 in the 
presence of aspirin and 5-lipoxygenase, leading to a novel class 
of lipid mediators known as E-series resolvins (Rv) from C 20: 
5w3 and D-series Rv and neuroprotectin D1 from C 22: 6w3, 
which are involved in the resolution of inflammation, accord-
ingly reducing the expression of VCAM-1, interleukin-8, mac-
rophage inflammatory protein-1b, and tumour necrosis factor-
a by endothelial cells and reducing leucocyte transmigration 
through the endothelium [62].

According to our study results, the levels of C 20: 5w3 and C 
22: 6w3 PUFAs were higher in the platelet phospholipid mem-
brane of post-MI patients than in the control group. In addi-
tion, the ratio of C 18: 3w3 to C 20: 5w3 was 2 times lower 
in post-MI subjects. Such results reveal that increased oxida-
tion stimulates platelets to synthesise more w3 PUFAs from 
the essential FA C 18: 3w3. The conversion of C 18: 3w3 to C 
20: 5w3 is also more intense, leading to an increased produc-
tion of biologically active compounds and platelet activation. 
Moreover, a higher percentage of C 20: 5w3 and C 22: 6w3 
PUFAs may additionally act as a protective response and/or ad-
aptation for constant OS, causing the reduction of platelet ac-
tivation in the future. Platelets with higher levels of C 22: 6w3 
and C 20: 5w3 are less able to bind fibrinogen, secrete their 
granule contents, and generate thrombin on their surface [63].

However, the present study found no statistically significant 
correlations between the platelet phospholipid membrane FA 
spectrum and blood serum MDA concentration in post-MI men. 
This result could possibly be explained by some limitations that 
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our study had. First, the case group of our research was too 
small. The number of patients with markedly higher blood se-
rum MDA concentration should at least be doubled so that we 
could confirm the observable effect of oxidation. Although we 
did not focus on any specific concentrations of eicosanoids/doc-
osanoids, an assessment of the level of their alteration in both 
groups would benefit the analysis, since these biologically ac-
tive compounds have a significant impact on the pathogene-
sis and progression of CVDs.

Conclusions

The results of our study suggest that OS causes an alteration 
in the FA spectrum of the platelet phospholipid membrane, 
particularly by stimulating the incorporation of PUFAs, which 
are well-known to be involved in the synthesis of biological-
ly active compounds. Because these substances also partici-
pate in the inflammation-modulating process, together with 
OS, they can also directly affect platelet activation in whole 
blood, leading to future developments and progressions of 
CVDs. However, further studies are needed to more fully eval-
uate how platelet phospholipid membranes respond to con-
stant OS in both healthy individuals and patients with cardio-
vascular lesions.
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