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 Background: Platelet membranes are extremely susceptible to peroxidation, forming a variety of lipid peroxides, includ-
ing malondialdehyde (MDA), which has been implicated in the etiology of cardiovascular diseases. Moreover, 
platelet-leukocyte aggregates (PLAs) are known to contribute to advanced endothelial injury and atherogenesis.

 Material/Methods: Fatty acid (FA) methyl esters of the platelet membranes of 79 apparently healthy men without any acute clini-
cal condition at the time of the study were identified by GC/MS. MDA was measured by HPLC in blood serum, 
and PLAs were analyzed by whole-blood flow cytometry. Individuals were divided into quartiles according to 
MDA concentration and percentage of PLAs formation. The composition of platelet membrane FAs was com-
pared to MDA concentration and the percentage of PLAs formation in apparently healthy individuals.

 Results: In quartiles (Q) with higher MDA concentration, percentage of C 16: 1w7 (Q1 vs. Q3, p=0.021), C 20: 1w9 (Q2 vs. 
Q4, p=0.028) and C 20: 5w3 (Q2 vs. Q4, p=0.046) was lower. However, C 22: 5w3 (Q1 vs. Q4, p=0.038) and total 
w3 (Q1 vs. Q2, p=0.024) were higher.

 Conclusions: MDA and the formation of platelet-monocyte aggregates stimulate the incorporation of monounsaturated 
fatty acids and polyunsaturated fatty acids in platelet phospholipid membranes, which may be a hallmark for 
a changed level of biologically active compounds required for the activation of future platelets.
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Background

Oxidative stress and lipid peroxidation are closely associated 
with a large number of pathophysiological processes. Formed 
during oxidative stress, reactive oxygen species (ROS) attack 
biomolecules, disrupt cellular functions, and cause inflamma-
tion or even cell apoptosis [1,2]. Research shows that oxidative 
stress is associated with increased platelet activation, throm-
bosis [3,4], and cardiovascular diseases [5]. One of the main 
targets for ROS is phospholipids of the cell membrane, espe-
cially polyunsaturated fatty acids (PUFAs) [6].

During lipid peroxidation, especially of PUFAs, malondialde-
hyde (MDA) is formed as a degradation product of lipid oxi-
dation. MDA is considered an important biomarker of oxida-
tive stress [7]. MDA is also associated with carcinogenic and 
cytotoxic effects on the cell, as well as the pathogenesis of 
diabetes mellitus and neurodegenerative and cardiovascular 
diseases [8–10].

In vivo, MDA can be produced as a by-product from omega 3 
(w3) or omega 6 (w6) PUFAs by enzymatic processes during the 
biosynthesis of thromboxane A2 or generated from bicycle en-
doperoxides by nonenzymatic processes during lipid peroxida-
tion [11,12]. The number of MDA molecules that can maximally 
be formed depends on the number of double bonds (since the 
methylene group between the double bonds is used to form 
MDA), e.g., arachidonic acid (C 20: 4w6) could provide 3 MDA 
molecules, while eicosapentaenoic acid (C 20: 5w3) could pro-
vide a maximum of 4 MDA molecules per PUFA molecule [13]. 
Moreover, biological MDA exists primarily in 2 forms, i.e., free 
or covalently bound to/conjugated with proteins and nucleic 
acids, lipoproteins, and certain amino acids [14].

Human platelets are known to a main source of MDA forma-
tion in human blood [13]. According to scientific data, plate-
lets play a key role in protecting against haemorrhage, as well 
as in inflammatory processes associated with atherosclerosis, 
homeostasis, and thrombosis [15].

Phospholipids account for 65% of all platelet lipids [16]. 
Therefore, platelet function and activity are closely related to 
the composition of the phospholipid membrane. Due to the 
changes in platelet membrane FAs, the synthesis of biologi-
cally active eicosanoids with pro-inflammatory or anti-inflam-
matory effects may increase [17].

Vascular inflammation plays an essential role in endothelial 
injury and activation of atherogenesis. Platelets and platelet-
leucocyte aggregates (PLAs) are known to contribute to this 
ongoing endothelial injury, resulting in platelet-dependant 
thrombosis, especially in acute coronary syndromes [18–20]. 
Therefore, platelets activated by oxidative stress and 

accompanied by lipid peroxidation of the phospholipid mem-
brane are closely associated with the risk of cardiovascular 
diseases.

To explore how processes of lipid peroxidation and platelet 
activation might be modified when the composition of plate-
let membrane FA changes, we designed our study to deter-
mine the relationship between the changes in the composition 
of platelet membrane FAs, blood serum MDA concentration, 
and PLA formation. This research could be useful in evaluating 
platelet preparation for the next activation phase and assess-
ing the synthesis intensity of biologically active compounds 
(e.g., eicosanoids/docosanoids).

Material and Methods

Study design

This study (duration: 2 years) was carried out on a group of 
79 volunteers (men) aged 36.5 years ±10.8 years, who were 
apparently healthy (without any acute clinical condition) and 
who gave their written consent to participate in the study. 
Individuals with any cardiac and chronic diseases or prior stroke 
or venous thromboembolism were excluded from the study. 
Female subjects were not included in this study, as males usu-
ally have earlier onset of the disease than their female coun-
terparts [21]. The research was carried out at the laboratory 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) and was supported by the 
Research Council of Lithuania (Grant No. MIP-050/2015).

Platelet extraction

Blood samples were collected in a sodium heparin Vacutainer 
tube and centrifuged immediately at 3000 g for 10 min. Then, 
¾ of the plasma was removed without touching the cell and 
foam layer. The remaining portion (¼ of the plasma), rich in 
thrombocytes, was extracted and mixed with freezing media 
(BI, Israel) in a ratio 2: 1 and frozen at –80°C.

Extraction and determination of platelet membrane FAs

Methyl esters of platelet membrane FAs were prepared using the 
Folch method [22]. Thin-layer chromatography (Sil G-25 UV254) 
was then performed to extract platelet phospholipids [23]. After 
FA transesterification, the FA spectrum was determined by gas 
chromatography/mass spectrometry with a GCMS-QP2010 Ultra 
manufactured by Shimadzu. Data were collected and processed 
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using LabSolutions software (Shimadzu). Table 1 shows the FAs 
investigated in this study expressed as a percentage of total FAs.

Determination of MDA concentration in blood serum

Blood serum MDA concentration was measured using a method 
published by Khoschsorur et al. [24] with minor modifications. 
The sample preparation serves for the sample purge and for 
the derivatisation of the analyte with thiobarbituric acid (TBA) 
into a detectable form, i.e., the MDA-TBA adduct. MDA con-
centration was determined by a Shimadzu Nexera X2 UHPLC 
system (Shimadzu). Data were collected and processed using 
LabSolutions software (Shimadzu).

Determination of platelet activation markers

Flow cytometric analysis was performed on platelet func-
tional activity in agonist non-stimulated EDTA anticoagulated 
blood not later than 10 min after blood collection (BD FACS 
Canto, BD Biosciences, USA). Data analysis was carried out us-
ing BD FACS Diva software (version 6.1.2). Leukocyte popula-
tions (neutrophils, monocytes, and lymphocytes) were identi-
fied according to 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). Then, the percentage of neutrophils, 
monocytes and lymphocytes expressing the CD42a marker 
was calculated. This combination of markers is characteristic 
for PLAs and was considered an indicator of adhesion phase. 
The data that were obtained were expressed in absolute num-
bers (the number of studied platelets tagged with the marker), 
percentages (a part of the studied population tagged with the 
marker), and mean of fluorescence intensity (fluorescence in-
tensity of platelet population with tagged marker).

Distribution of volunteers

First, individuals participating in this study were grouped into 
quartiles according to the concentration of blood serum MDA. 
Blood serum MDA concentration was 62.47–77.58 μg/l (n=20) 
in the first quartile (Q1), 77.79–97.07 μg/l (n=20) in the sec-
ond quartile (Q2), 97.22–117.61 μg/l (n=20) in the third quar-
tile, and 118.10–169.32 μg/l (n=19) in the fourth quartile (Q4). 
Then, the spectrum of platelet membrane FA was compared 
with the concentration of blood serum MDA in quartiles, and 
the correlation between the platelet membrane FA spectrum 
and blood serum MDA concentration was calculated.

Second, volunteers were grouped into quartiles according to 
the percentage of PLA formation. The percentage of PLAs for-
mation ranged from 3.7 to 8.3 (n=20) in the first quartile (Q1), 
8.4 to 9.5 (n=19) in the second quartile (Q2), 9.6 to 10.8 (n=21) 
in the third quartile (Q3), and 10.9 to 14.5 (n=19) in the fourth 
quartile (Q4). The quartiles of PLAs formation were then com-
pared with the spectrum of platelet membrane FA, and the 
correlation between the variables was measured.

Statistical analysis

Data analysis was carried out using IBM SPSS software (ver-
sion 24) and Microsoft Excel 2016. Data are expressed as me-
dian, minimum, and maximum. Differences between the groups 
were tested for significance using the Mann-Whitney U test 
and the Spearman’s rank correlation coefficient for assessing 
the correlation between variables. P<0.05 was considered sta-
tistically significant.

SFAs* MUFAs** PUFAs***

14: 0#

Myristic acid
16: 1w%7
9-hexadecenoic/Palmitoleic acid

18: 2w6
9,12-octadecadienoic/Linoleic acid

16: 0#

Palmitic acid
18: 1w%9
9-octadecenoic/Oleic acid

18: 3w3
9,12,15-octadecatrienoic/a-Linolenic acid

18: 0
Stearic acid

18: 1w7
11-octadecenoic/Vaccenic acid

20: 4w6
5,8,11,14-eicosatetraenoic/Arachidonic acid

 
20: 1w9
11-eicosenoic/Gondoic acid

20: 5w3
5,8,11,14,17-eikosapentaenoic/Timnodonic acid

  
22: 5w3
7,10,13,16,19-docosapentaenoic/Clupanodonic acid

  
22: 6w3
4,7,10,13,16,19-docosahexaenoic/Cervonic acid

Table 1. FAs analyzed by gas chromatography/mass spectrometry.

* Saturated fatty acids; ** monounsaturated fatty acids; *** polyunsaturated fatty acids; # number of carbon atoms and double bonds; 
% position of double bond between carbon atoms.
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Results

According to our data, there was a tendency for a higher level 
of C 14: 0 to be found in the first quartile, which had a lower 
concentration of blood serum MDA than the third and fourth 
quartiles, where blood serum MDA concentration was higher 
(Q1 and Q3, p=0.05; Q1 and Q4, p=0.089) (Figure 1).

C 16: 0 made up the highest percentage of total FAs in the 
platelet phospholipid membrane (47%). The distribution of C 
16: 0 was slightly higher in the first quartile of blood serum 
MDA concentration than in the second, third, and fourth quar-
tiles. Although there was no statistically significant difference 
between Q1 and Q4 of C 16: 0 (p=0.728), it was observed that 
the highest percentage of C 16: 0 in the first quartile increases 
the total percentage of saturated fatty acids (SFAs).

Our results showed that the highest level of C 16: 1w7 was 
found in the first quartile, which also had a lower blood serum 
MDA concentration than the third quartile (p=0.021). It was 
also noticed that the higher the level of C 18: 1w7, the higher 
the concentration of blood serum MDA (Q1 and Q4, p=0.070).

The highest percentage of MUFAs in platelet phospholipid mem-
brane consisted of C18: 1w9 (46.5%), but the differences were 
not statistically significant. However, our data showed that sig-
nificantly more C 20: 1w9 was found in the second quartile 
than in the fourth quartile (p=0.028), where the concentration 
of blood serum MDA was the highest (Figure 2).

Assessing the total sums of w3 and w6 PUFAs separately, we 
observed that with the highest concentration of blood serum 
MDA (Q4), the total sums of w3 and w6 increase, and with the 
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Figure 1.  Box plots represent a comparison of the percentage 
of C 14: 0 between quartiles of blood serum MDA 
concentration. Q1 and Q3, p=0.05; Q1 and Q4, 
p=0.089. N=79. * Number of carbon atoms and double 
bonds.
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Figure 3.  Box plots represent a comparison of the percentage 
of C 20: 5w3 between quartiles of blood serum MDA 
concentration. Q1 and Q2, p=0.028; Q2 and Q3, 
p=0.046. N=79.
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Figure 4.  Box plots represent a comparison of the percentage 
of C 22: 5w3 between quartiles of blood serum MDA 
concentration. Q1 and Q2, p=0.037; Q1 and Q4, 
p=0.038. N=79.
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Figure 2.  Box plots represent a comparison of the percentage 
of C 20: 1w9 between quartiles of blood serum MDA 
concentration. Q2 and Q4, p=0.028. N=79. * Position of 
double bond between carbon atoms.
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lowest concentration of blood serum MDA (Q1), the total sums 
decrease (w3 p=0.184, w6 p=0.813). However, a statistically 
significant difference was found only between the amount of 
w3 PUFAs (p=0.024) in the first and second quartiles.

Statistically significantly less C 20: 5w3 was found in the first 
quartile, which had a lower blood serum MDA concentration 
than the second quartile (p=0.028), but statistically signifi-
cantly more C 20: 5w3 was observed in the second quartile 
than in the third quartile, where blood serum MDA concentra-
tion was higher (p=0.046) (Figure 3).

Statistically significantly less C 22: 5w3 was observed in the 
first quartile, which had the lowest blood serum MDA con-
centration, than in the second (p=0.037) and fourth quartiles, 
which had higher levels of blood serum MDA concentration 
(p=0.038) (Figure 4).

Our study results also showed that at the highest concentra-
tion of blood serum MDA (Q4), the ratio of C 18: 2w6/C 20: 
4w6 was statistically significantly lower than the lowest blood 
serum MDA concentration (Q1) (p=0.038) (Table 2).

Spearman’s test showed a weak but statistically significant 
inverse correlation between C 14: 0 and blood serum MDA 
concentration (r=–0.255; p=0.023) and between the concen-
tration of blood serum MDA and the ratio of C 18: 2w6/C 20: 
4w6 (r=–0.244; p=0.034) (Table 3).

Comparing the composition of platelet membrane FAs with 
the percentage of PMA formation, it was observed that with 
the increase in the formation of aggregates, the total sums of 
MUFAs and PUFAs were higher separately and the total sum 
of SFAs was lower, but the differences were not statistically 
significant. However, the tendency was observed for an in-
creased level of C 14: 0 and an increased ratio of C 18: 3w3/C 
20: 5w3 in the first and the fourth quartiles of the formation 
of PMAs (p=0.093). The same tendency was observed in the 
comparison of the ratio of C 18: 3w3/C 20: 5w3 between the 
first and the third quartiles of the formation of PMAs (p=0.055) 
(Table 4). In terms of the mutual differences between the per-
centage of the formation of other PLAs (granulocytes and lym-
phocytes) and platelet membrane FA spectrum, the differences 
were not statistically significant.

Calculations demonstrated that the correlation between the 
platelet membrane FA spectrum and the percentage of the 
formation of PMAs had a weak but statistically significant in-
verse correlation between the percentage of the formation of 
PMAs and C 14: 0 (r=–0.222; p=0.050) (Table 3).

Discussion

According to our data, the highest percentage of FAs in the plate-
let phospholipid membrane consisted of SFA. Other authors have 
obtained very similar results [25–28]. Moreover, C16: 0 is reported 
to be the main FA of the platelet membrane [29], as was observed 
in our study. According to recent scientific studies, SFA higher 
levels were detected in those cell membranes that are closely 
related to signalling mechanisms. C 14: 0 and C 16: 0 can cova-
lently modify proteins associated with signal transmission [30].

One of the MUFAs we analyzed, C 16: 1w7, was at its highest 
level when blood serum MDA concentration was at the lowest. 
This was probably due to intensified C 16: 1w7 synthesis from 
SFA C 16: 0 by stearoyl-CoA desaturase – 1 during FA desat-
uration [31], and/or C16: 1w7 was obtained from vegetable 
food and oils. Such a diet contains a number of antioxidants, 
e.g., fat-soluble vitamin E (tocopherol), leading to a higher level 
of C 16: 1w7 at a lower concentration of blood serum MDA.

C 18: 1w9 accounts for the highest percentage of FA compared 
to other MUFAs [25,26,28]. The same tendency was observed 
in our data. This increase in C 18: 1w9 at the highest concen-
tration of blood serum MDA can be interpreted as an intention 
to reduce blood serum MDA level or as compensation by us-
ing PUFA for active blood serum MDA synthesis. The absence 
of w3 and w6 PUFAs may intensify C 18: 1w9 synthesis, as it is 
the precursor of other w9 PUFAs required for cell membranes.

According to our data, statistically significantly less C 20: 5w3 
was found at the lowest level of blood serum MDA concen-
tration, but statistically significantly more C 20: 5w3 was ob-
served when the concentration of blood serum MDA was at its 
higher level. This result shows that increased oxidation stimu-
lates platelets to synthesize more PUFAs (e.g., C 20: 5w3) and 
therefore increases the production of biologically active com-
pounds and platelet activation. C 20: 5w3 is associated with 
a lower incidence of major coronary events. This effect of C 
20: 5w3 in reducing the risk of cardiovascular diseases could 
be mediated by increased production of prostaglandin I3 (PGI3), 
inhibiting platelet aggregation; promoting vasodilatation, myo-
cardial ischemic injury, and arteriosclerosis; and inducing neo-
angiogenesis. Furthermore, an increased level of PGI3 decreases 
thromboxane A2 (TXA2) production, which is known to have the 
opposite effect on the cardiovascular system: TXA2 causes plate-
let activation, coronary spasms, and vascular smooth muscle 
cell proliferation that can result in arteriosclerosis and, subse-
quently, cardiovascular events. [32]. C 20: 4w6 and C 20: 5w3 
antagonize each other. C 20: 5w3 competes with C 20: 4w6 in 
the cyclooxygenase (COX) pathway, leading to the formation 
of eicosanoids that are less pro-thrombotic and inflammatory 
and may also directly inhibit platelet aggregation to a greater 
degree than the eicosanoids derived from C 20: 4w6 [33–35].
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FA@

(provided by percentage of 
total amount)

Median, 
minimum, 
maximum

Quartiles of MDA& concentration

P valueQ1*
(n=20)

Q2$

(n=20)
Q3#

(n=20)
Q4%

(n=19)

C 14: 0$$ Med. 3.93 3.30 2.81 2.81 *,$p=0.529
*,#p=0.005
*,%p=0.089
$,#p=0.231
$,%p=0.428
#,%p=0.627

Min. 1.88 0.81 1.54 1.34

Max. 7.28 8.75 4.92 7.79

C 16: 0 Med. 48.99 45.39 48.49 43.81 *,$p=0.718
*,#p=0.659
*,%p=0.728
$,#p=0.253
$,%p=0.857
#,%p=0.247

Min. 20.53 32.72 37.43 29.32

Max. 65.11 59.53 63.15 63.39

C 18: 0 Med. 20.73 19.97 22.00 18.45 *,$p=0.925
*,#p=0.231
*,%p=0.792
$,#p=0.060
$,%p=0.627
#,%p=0.026

Min. 8.76 11.52 16.96 11.89

Max. 26.65 27.54 43.87 28.60

C 16: 1w**7 Med. 1.63 1.37 1.12 1.59 *,$p=0.327
*,#p=0.021
*,%p=0.444
$,#p=0.383
$,%p=0.879
#,%p=0.134

Min. 0.39 0.22 0.19 0.18

Max. 12.44 15.70 4.44 13.29

C 18: 1w7 Med. 1.06 1.01 1.27 1.38 *,$p=0.989
*,#p=0.718
*,%p=0.070
$,#p=0.904
$,%p=0.158
#,%p=0.247

Min. 0.15 0.13 0.20 0.19

Max. 4.09 2.30 2.64 6.90

C 18: 1w9 Med. 7.31 5.69 6.79 9.79 *,$p=0.841
*,#p=0.968
*,%p=0.283
$,#p=0.862
$,%p=0.120
#,%p=0.204

Min. 0.46 1.62 1.61 0.69

Max. 15.43 12.65 14.52 22.05

C 20: 1w9 Med. 2.65 3.56 2.92 1.98 *,$p=0.512
*,#p=0.799
*,%p=0.204
$,#p=0.277
$,%p=0.028
#,%p=0.224

Min. 0.58 0.72 0.56 0.36

Max. 56.77 33.26 10.90 11.72

C 18: 2w6 Med. 5.08 4.33 6.19 6.75 *,$p=0.738
*,#p=0.862
*,%p=0.901
$,#p=0.758
$,%p=0.967
#,%p=0.999

Min. 2.01 0.54 1.68 0.40

Max. 20.12 19.82 17.03 21.46

Table 2. Comparison of the composition of platelet membrane FA between quartiles of blood serum MDA concentration.
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Table 2 continued. Comparison of the composition of platelet membrane FA between quartiles of blood serum MDA concentration.

FA@

(provided by percentage of 
total amount)

Median, 
minimum, 
maximum

Quartiles of MDA& concentration

P valueQ1*
(n=20)

Q2$

(n=20)
Q3#

(n=20)
Q4%

(n=19)

C 18: 3w3 Med. 1.10 1.96 1.58 1.82 *,$p=0.369
*,#p=0.289
*,%p=0.569
$,#p=0.659
$,%p=0.607
#,%p=0.792

Min. 0.35 0.28 0.65 0.03

Max. 5.43 6.08 5.71 21.66

C 20: 4w6 Med. 0.63 0.92 0.96 1.08 *,$p=0.201
*,#p=0.478
*,%p=0.235
$,#p=0.620
$,%p=0.923
#,%p=0.569

Min. 0.09 0.21 0.02 0.07

Max. 7.84 8.31 5.84 9.01

C 20: 5w3 Med. 0.30 0.78 0.34 0.46 *,$p=0.028
*,#p=0.698
*,%p=0.141
$,#p=0.046
$,%p=0.365
#,%p=0.309

Min. 0.06 0.10 0.05 0.06

Max. 1.21 3.75 1.18 3.10

C 22: 5w3 Med. 0.31 0.57 0.59 0.48 *,$p=0.037
*,#p=0.052
*,%p=0.038
$,#p=0.820
$,%p=0.923
#,%p=0.923

Min. 0.02 0.05 0.02 0.15

Max. 1.15 2.76 1.61 2.37

C 22: 6w3 Med. 0.37 0.97 0.68 0.70 *,$p=0.265
*,#p=0.602
*,%p=0.141
$,#p=0.289
$,%p=0.923
#,%p=0.513

Min. 0.02 0.06 0.03 0.13

Max. 2.40 3.58 2.24 3.95

Total SFAs
(C 14: 0+C 16: 0+C 18: 0)

Med. 73.42 68.98 74.56 65.95 *,$p=0.820
*,#p=0.529
*,%p=0.607
$,#p=0.253
$,%p=0.687
#,%p=0.141

Min. 31.17 49.60 57.28 45.78

Max. 93.00 87.77 90.51 92.59

Total MUFAs Med. 14.54 15.23 13.33 16.99 *,$p=0.883
*,#p=0.383
*,%p=0.771
$,#p=0.341
$,%p=0.687
#,%p=0.158

Min. 3.69 5.15 5.04 5.05

Max. 62.80 36.57 22.50 32.99

Total PUFAs Med. 9.80 13.89 11.15 13.09 *,$p=0.314
*,#p=0.314
*,%p=0.336
$,#p=0.659
$,%p=0.945
#,%p=0.569

Min. 3.31 4.04 3.83 1.33

Max. 34.22 33.89 26.42 34.97
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SFAs – saturated fatty acids; MUFAs – monounsaturated fatty acids; PUFAs – polyunsaturated fatty acids; @ fatty acids; 
& malondialdehyde; * quartile 1 (Q1); $ quartile 2 (Q2); # quartile 3 (Q3); % quartile 4 (Q4); $$ number of carbon atoms and double 
bonds; ** position of double bond between carbon atoms in the molecule; *** total sum.

Table 2 continued. Comparison of the composition of platelet membrane FA between quartiles of blood serum MDA concentration.

FA@

(provided by percentage of 
total amount)

Median, 
minimum, 
maximum

Quartiles of MDA& concentration

P valueQ1*
(n=20)

Q2$

(n=20)
Q3#

(n=20)
Q4%

(n=19)

S*** w3 Med. 2.81 4.53 3.60 4.20 *,$p=0.024
*,#p=0.201
*,%p=0.184
$,#p=0.076
$,%p=0.728
#,%p=0.687

Min. 0.59 0.79 1.99 0.84

Max. 9.37 13.00 6.83 25.46

S w6 Med. 5.72 7.12 7.42 7.53 *,$p=0.565
*,#p=0.779
*,%p=0.813
$,#p=0.947
$,%p=0.901
#,%p=0.879

Min. 2.25 1.14 1.84 0.49

Max. 27.96 28.13 21.70 28.28

Ratio of w3/w6 Med. 0.43 0.67 0.53 0.45 *,$p=0.149
*,#p=0.301
*,%p=0.296
$,#p=0.547
$,%p=0.771
#,%p=0.945

Min. 0.08 0.18 0.17 0.18

Max. 2.57 5.15 2.03 8.21

Ratio of PUFAs/SFAs Med. 0.15 0.19 0.15 0.20 *,$p=0.429
*,#p=0.820
*,%p=0.428
$,#p=0.547
$,%p=0.967
#,%p=0.444

Min. 0.04 0.06 0.04 0.01

Max. 0.70 0.67 0.46 0.70

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

Med. 7.49 6.30 7.75 5.08 *,$p=0.091
*,#p=0.659
*,%p=0.038
$,#p=0.192
$,%p=0.749
#,%p=0.204

Min. 2.57 0.54 2.29 0.99

Max. 26.78 14.48 118 43.57

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

Med. 4.20 1.62 4.46 3.15 *,$p=0.076
*,#p=0.659
*,%p=0.531
$,#p=0.108
$,%p=0.531
#,%p=0.296

Min. 1.20 0.26 0.83 0.04

Max. 14.68 49.00 50.44 83.31

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

Med. 2.16 1.62 2.00 2.71 *,$p=0.583
*,#p=0.820
*,%p=0.728
$,#p=0.398
$,%p=0.247
#,%p=0.813

Min. 0.39 0.58 0.29 0.09

Max. 8.50 7.23 17.70 13.50
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Our data showed that the total sums of individual w3 and w6 
were higher when blood serum MDA concentration was at the 
highest level, when the total sums of individual w3 and w6 

were lower, and when blood serum MDA concentration was 
at the lowest level. However, a statistically significant differ-
ence was found only in the first and second quartiles of the 

FAs@

(provided by percentage of total 
amount)

Spearman’s rho P value

MDA* concentration PMAs** MDA concentration PMAs

C 14: 0$ –0.255 –0.222 0.023 0.050

Ratio of C 18: 2w$$6/C 20: 4w6 –0.244 – 0.034 –

Table 3. The correlation of platelet membrane FA spectrum with blood serum MDA concentration and percentage of PMA formation.

@ Fatty acids; * malondialdehyde; ** platelet-monocyte aggregates; $ number of carbon atoms and double bonds; $$ position of double 
bond between carbon atoms in the molecule.

SFAs – saturated fatty acids; MUFAs – monounsaturated fatty acids; PUFAs – polyunsaturated fatty acids; @ fatty acids; & platelet-
monocyte aggregates; * quartile 1 (Q1); $ quartile 2 (Q2); # quartile 3 (Q3); % quartile 4 (Q4); $$ number of carbon atoms and double 
bonds; ** position of double bond between carbon atoms in the molecule.

Table 4. Comparison of certain platelet membrane FAs between quartiles of PMA formation.

FAs@

(provided by percentage of 
total amount)

Median, 
minimum, 
maximum

Quartiles of percentage of PMA& formation

P valueQ1*
(n=20)

Q2$

(n=19)
Q3#

(n=21)
Q4%

(n=19)

C 14: 0$$ Med. 3.39 2.93 2.81 2.76 *,$p=0.204
*,#p=0.197
*,%p=0.093
$,#p=0.936
$,%p=0.822
#,%p=0.791

Min. 1.34 1.42 0.81 1.54

Max. 7.79 6.48 7.70 8.75

Total SFAs 
(C 14: 0+C 16: 0+C 18: 0)

Med. 77.45 63.57 70.64 73.04 *,$p=0.194
*,#p=0.291
*,%p=0.696
$,#p=0.872
$,%p=0.298
#,%p=0.512

Min. 45.78 49.06 31.17 49.11

Max. 87.77 93.00 92.59 92.46

Total MUFAs Med. 13.33 16.91 15.40 15.16 *,$p=0.336
*,#p=0.449
*,%p=0.942
$,#p=0.649
$,%p=0.233
#,%p=0.606

Min. 5.15 3.69 5.04 5.05

Max. 32.99 36.57 62.80 23.83

Total PUFAs Med. 9.51 15.30 10.63 11.47 *,$p=0.283
*,#p=0.648
*,%p=0.633
$,#p=0.555
$,%p=0.599
#,%p=0.856

Min. 4.28 3.31 1.33 2.49

Max. 24.84 34.97 33.89 34.22

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

Med. 2.21 3.91 4.06 4.16 *,$p=0.184
*,#p=0.055
*,%p=0.093
$,#p=0.294
$,%p=0.799
#,%p=0.587

Min. 0.04 0.26 0.67 1.04

Max. 49.00 50.44 83.31 17.83
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total sum of w3 FA (p=0.024). Similar results were obtained by 
Li et al. [36]. The increased level of PUFAs, with a higher blood 
serum MDA concentration, could be explained as a platelet re-
sponse to prepare for the future activation process. Therefore, 
the oxidation process and the increased blood serum MDA con-
centration are factors that stimulate platelets to synthesize 
more PUFAs (e.g., C 20: 4w6, C 20: 5w3, and C 22: 6w3) from 
essential FAs: C 18: 2w6 and C 18: 3w3 by a series of desat-
urase and elongase enzymes, leading to intensified synthesis 
of biologically active compounds, e.g., pro- or anti-inflamma-
tory eicosanoids and docosanoids.

According to our data, with the rise of blood serum MDA con-
centration, the level of C 22: 5w3 increases in platelet phos-
pholipid membranes. This result could be explained by inten-
sified metabolism of FA, synthesizing more eicosanoic and 
docosanoic FA, which will be later used for platelet activa-
tion. The tendency of docosahexaenoic FA (C 22: 6w3) dis-
tribution was similar to that of C 22: 5w3, but there were no 
statistically significant differences. The experiment in which 
C 22: 6w3 was incorporated into the platelet membrane and 
the blood serum MDA concentration was measured showed 
that when the platelet membrane contains more C 22: 6w3, 
the concentration of blood serum MDA is higher. It was previ-
ously reported that a higher level of w3 PUFA in platelet phos-
pholipid membrane, particularly in C 22: 6w3, could be related 
to lipid peroxidation [37]. Moreover, other researchers also 
studied the effect of C 22: 6w3 on platelets. Dietary supple-
ments with C 22: 6w3 were given to healthy men. Then, the in-
corporation of C 22: 6w3 into the platelet phospholipid mem-
brane and platelet activity were monitored. The study results 
showed that a higher level of C 22: 6w3 in the platelet mem-
brane statistically significantly reduces platelet activity and in-
duces an antioxidant effect, increasing platelet vitamin E con-
centration. Accordingly, it could be regarded as a protective 
factor against platelet-related cardiovascular events [38, 39]. 
Our study, which included only healthy individuals, did not 
show any significant oxidation effect. Only a study carried out 
with a markedly higher blood serum MDA concentration could 
confirm the significant effect of oxidation.

We also found that the ratio of C 18: 2w6/C 20: 4w6 at the 
highest blood serum MDA concentration was statistically sig-
nificantly lower than it was at the lowest blood serum MDA 
concentration. According to this result, more intensive conver-
sion of C 18: 2w6 to C 20: 4w6 occurs with a higher concentra-
tion of blood serum MDA. This conversion could be considered 
as the preparation of platelets for the synthesis of pro-inflam-
matory eicosanoids. Moreover, the thromboxanes that are pro-
duced activate platelets, allowing them to start the process 
of blood coagulation more quickly. C 20: 4w6, incorporated in 
platelet membrane, is used for the synthesis of TXA2, which 
is involved in the pathogenesis of cardiovascular diseases in 

that it promotes platelet aggregation and vasoconstriction, 
acting through specific receptors coupled with the G-protein 
Gq [40,41]. Therefore, a higher concentration of blood serum 
MDA could be a factor in the formation of a higher level of TXA2.

In our study, an increased ratio of C 18: 3w3/C 20: 5w3 was 
noted when the lowest and the highest percentage of the for-
mation of PMAs were compared. Since C 18: 3w3 is not syn-
thesized in the human body and is obtained only with food 
(vegetable oils), it reflects the diet of a particular person and 
eventually will be converted to C 20: 5w3. An experimental 
study showed that when the platelet membrane is saturated 
with C 20: 5w3, platelet procoagulative properties can be re-
duced. Moreover, C 20: 5w3 in combination with C 22: 6w3 
has a protective effect against cardiovascular diseases, since 
anti-inflammatory biologically active compounds are synthe-
sized from these FAs [42]. Consequently, w3 PUFA can regu-
late processes associated with inflammation through multiple 
mechanisms: platelet activation and aggregation and vaso-
constriction [43]. By changing C 20: 4w6 as a substrate in the 
production of eicosanoids, w3 PUFA can act directly, thereby 
inhibiting the metabolism of C 20: 4w6, or indirectly through 
gene expression, activating peroxisome proliferator-activated 
receptors (PPARs) a and g [44–46]. Furthermore, w3 PUFAs in-
hibit the secretion of monocyte/macrophage inflammatory cy-
tokines (interleukins, TNF) [47].

Our results show a statistically significant inverse correlation 
between C 14: 0 and blood serum MDA concentration. The same 
correlation was observed between the ratio of C 18: 2w6/C 20: 
4w6 and the concentration of blood serum MDA. A statistically 
significant inverse correlation was also found between the per-
centage of the formation of PMAs and C 14: 0. Some research-
ers reported a direct correlation between MUFAs, PUFAs, and 
blood serum MDA concentration and an inverse correlation 
between SFAs and concentration of blood serum MDA. They 
also noticed that lipid peroxidation was much more intensive 
in healthy individuals. This data could be explained by an in-
creased amount of PUFAs in the platelet phospholipid mem-
brane [48]. Although we did not find a statistically significant 
correlation between blood serum MDA concentration and SFAs, 
MUFAs, and PUFAs in the platelet phospholipid membrane, 
we found that with a higher blood serum MDA concentration, 
the level of MUFA and PUFAs was slightly higher, while the 
level of SFAs was lower. Moreover, with a higher percentage of 
PMA formation, the level of SFAs was lower as well.

Conclusions

The results of our study in healthy men showed that increas-
ing levels of blood serum MDA concentration and percentage 
of PMA formation are factors that stimulate the incorporation 
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of MUFA and PUFA into the platelet phospholipid membrane 
and may play a role in increasing the level of biologically ac-
tive compounds (eicosanoids/docosanoids) required for fur-
ther platelet activation. Though we hypothesize that the al-
teration of cell membrane composition caused by oxidative 
stress may modify platelet response to activation, further 

human studies are needed to confirm the significant effect of 
oxidation on platelets.
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