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SERUM PHOSPHOLIPID AND SELECTED OXYLIPIN LEVELS IN SECOND-
TRIMESTER PREGNANT WOMEN WITH COVID-19
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Background. The inflammatory response in coronavirus disease 2019 (COVID-19)
markedly alters lipid metabolism. However, the phospholipid and oxylipin profile
of pregnant women with COVID-19, stratified by disease severity, remains insufficiently
studied.

The aim. To assess second-trimester serum levels of phospholipids, arachidonic
acid, and the oxylipins 12- and 15-hydroxyeicosatetraenoic acids (12-HETE, 15-HETE)
in women with COVID-19 according to clinical severity.

Methods. The study enrolled 88 pregnant women at 14-16 weeks of gestation
with confirmed COVID-19. Patients with moderate disease (n = 42) formed subgroup 1;
those with mild disease (n = 46), subgroup 2. A control group comprised 40 second-tri-
mester pregnant women without COVID-19. Serum phospholipids were quantified
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and control group showed significantly higher serum concentrations of sphingomyelin,
lysophosphatidylcholine, arachidonic acid, 12-HETE, and 15-HETE, and lower levels
of phosphatidylcholine and phosphatidylethanolamine (p < 0.001 for all comparisons).
Conclusion. The development of COVID-19 in second-trimester pregnant women is as-
sociated with severity-dependent alterations in serum phospholipids, arachidonic acid,
and oxylipins. These changes may reflect the intensity of pulmonary inflammation
and underscore the need to optimise therapeutic approaches in this patient population.
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PE3IOME

0O60ocHoeaHue. BocnanumeneHsil npouecc npu COVID-19 3Ha4umesnibHo Moouguyu-
pyem memab6osu3m nunudos. OOHako cocmas ocghounudos U OKCUAUNUHO8 y be-
pemeHHbix ¢ COVID-19 8 3asucumocmu om msax)ecmu meydeHus 3a60/1e8aHUSA U3yyeH
HedocmamouyHo, Ymo akmyasusupyem memamuky uccie0osaHudl.

Lenb uccnedosanus. [Jamo oyeHKy COOePXXaHUS CbIBOPOMOYHbIX (hoChonunudos,
apaxudoHogoli Kucsiomel, okcuaunuHos (12- u 15-eudpokcustikosamempaeHogol
KUC/10m) 80 8BMOpOM mpumecmpe y XeHWUH 8 3a8UCUMOCMU OM CmeneHu msaxecmu
COVID-19.

Memoobl. B ocHOBHYI0 2pynny uccsie0o8aHus ekoyYeHol 88 bepemeHHsbix ¢ COVID-19
80 s8mopom mpumecmpe (14-16 Hedenw). [layueHMKU co cpedHemsxesbiM me-
yeHuem COVID-19 (n = 42) cocmasunu 1 nodzpynny; eekum medeHuem (n = 46) —
2 noodepynny. Copok bepemeHHbIX 80 8mopom mpumecmpe, 6e3 COVID-19, sownu
8 KOHMPOJIbHYIO 2pynny. B kposu onpedenanu koHueHmpayuw ¢ocghonunuoos
MemoOdoM MOHKOC/OUHOU xpomamoezpaguu; 12- u 15-2udpokcuslikosamempae-
HOB8bIX KUC/TOM MemoOOoM UMMYHOGEepMeHMHO020 AHA/1U3da; apaxudoHo8oU KUC/10-
mbl — MemMoOOM 2a30-XUOKOCMHOU xpoMmamozpadguu.

Pesynemamel. [Ipu cpasHUmMebHOM aHAsau3e pesysibmamos Uuccie008aHus 6blio
8bIA18/1EHO, YMO Y XEeHWUH o cpedHemsaxesnbiM meyeHuem COVID-19 no cpasHeHuto
C Jle2KUM medeHueM 3a60s1e8aHUs U KOHMPOJIbHOU 2pynnoli 8 CbiIBOPOMKe Kposu
Habndaaucs cmamucmuyecku 3Ha4umo 6osiee 8bICOKUe nokazamesu chuHzomue-
JIUHA, U30¢hoCchamuouIXoUHd, apaxudoHo8ol Kuciomel, 12- u 15-2udpokcustiko-
3amempaeHo8bIX KUC/I0M NPU HU3KUX 3HAYeHUAX (hocchamuduaxonuHa u gpocchamu-
ounamaHonamuHa (p < 0,001).

3aknoyeHue. Pazgumue COVID-19 y 6epemMeHHbIx 80 8MOpPOM mpumecmpe acco-
YUUPOBAHO C U3MeHeHUeM coOepXaHus ocgounuoos, apaxudoHosol KUciomeol
U OKCUJZIUNUHO8 8 CbIBOPOMKe KpOBU, 3a8UCUMOE OM MAXECMU NAmMos102U4eCcKo20
npouyecca. BeiseneHHble HapyweHUs 8 cocmase (hocgoaunudos U OKCUAUNUHos y be-
pemeHHbix ¢ COVID-19 mo2ym nomeHyuaieHo ompaxxame msaxecms me4yeHus 60c-
nasaumesibHo20 npoyecca 8 6pOHx0/1e204HOU cucmeme U QUKMytom Heo6xo0UMOCMb
onmumu3ayuu mepanesmuy4eckux no0xo008 8 0aHHoU epynne nayueHmos.

Kniouesolie cnosa. COVID-19, 6epemeHHOCMb, hocghonunudsbl, apaxudoHo8as Kuc-
sioma, 12-eudpokcuslikosamempaeHosas Kucsioma, 15-2udpokcustiko3amempaeHo-
8as kucsioma

Ona untnpoBanusa: NwyTtuHa H.A., AHgpresckan W.A. lNokasaTtenu ¢ocdonunmaos n He-
KOTOPbIX OKCUTMMINHOB B CbIBOPOTKE KPoBY 6epemeHHbix ¢ COVID-19 Bo BTOpom TprmMe-
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BACKGROUND

Lipids and their metabolites have been shown
to be a diverse group of molecules involved in regu-
lating inflammation in pulmonary diseases [1], includ-
ing COVID-19. Lipids play a significant role in the life-
cycle of the SARS-CoV-2 virus [2], serving as receptors
or facilitating the entry of viruses into cells. They are
also involved in viral replication complexes and energy
production for efficient viral replication. They regulate
the distribution of viral proteins within the cell and play
a role in the assembly, transportation, and release of viral
particles [3]. In addition, it has been demonstrated that
lipid mediators, such as sphingolipids, lysophospholipids,
and products of polyunsaturated fatty acid (PUFA) oxida-
tion — oxylipins — can regulate the host immune response
to viral infection [2].

Oxylipins are ligands for various receptor systems.
They interact with peroxisome proliferator-activated re-
ceptors (PPARs), which are involved in the regulation
of lipid homeostasis and inflammatory processes [4]. In ad-
dition, oxidized fatty acids serve as monocyte adhesion
molecules. Lysophosphatidylcholines act as a strong che-
moattractant for macrophages and T lymphocytes. They
stimulate the expression of adhesion molecules and cy-
tokines while disrupting endothelial function. Therefore,
both lysophosphatidylcholines and oxidized fatty acids
(oxylipins) are considered inflammatory mediators [5].

Oxylipins are synthesized from PUFAs, which are con-
stituents of phospholipids, via a series of multiple oxidative
reactions catalyzed by specificenzymes (cyclooxygenases,
lipoxygenases (LOX) or cytochrome P450 monooxygen-
ases). Additionally, enzyme-independent reactions may
occur in the presence of reactive oxygen species (ROS)
[6]. Pathological conditions associated with inflamma-
tion are thought to be linked to an imbalance between
w-3 (eicosapentaenoic and docosahexaenoic) and w-6
(arachidonic) PUFA levels, leading to the overproduction
of pro-inflammatory lipid mediators (w-6 oxylipin deriva-
tives, such as prostaglandins and hydroxyeicosatetraenoic
acid, HETE) and the underproduction of pro-resolution
(w-3 oxylipin derivatives) molecules [4].

The main metabolite generated by 12-LOX is 12-
HETE, which plays a role in various biological processes,
including platelet activation and GPR31-mediated regu-
lation of pro-inflammatory mediator production [7, 8].
Another oxylipin synthesized as a result of the enzymatic
metabolism of arachidonic acid via 15-LOX is 15-HETE,
which is generated during periods of hypoxia and ex-
erts an inhibitory effect on sirtuin-mediated apoptosis
in smooth muscle cells of the pulmonary artery by in-
creasing the expression of pro-apoptotic proteins, such
as Bcl-2 and Bel-xL [9].

There are several studies in the literature examining
the impact of SARS-CoV-2 infection on the metabolism
of oxylipins produced by LOX. It has been demonstrat-
ed that SARS-CoV-2 disrupts the metabolic pathways
of arachidonic acid conversion, leading to an imbal-
ance between pro-inflammatory oxylipins (12-HETE
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and 20-HETE), and anti-inflammatory oxylipins (epoxye-
icosatrienoic acid) [10, 11]. However, these findings were
obtained in non-pregnant individuals. Limited informa-
tion is available on how the severity of COVID-19 affects
oxylipin metabolism in pregnant women. These results
support the study of lipid mediator roles in the patho-
genesis of COVID-19 in pregnant women, depending
on the extent of the pathological process.

THE AIM OF THE STUDY

To evaluate the levels of serum phospholipids, arachi-
donic acid, and oxylipins (12-HETE and 15-HETE) in preg-
nant women in the second trimester, depending on the se-
verity of COVID-19 infection.

MATERIALS AND METHODS

Study design and setting

A prospective cohort study was conducted among 128
pregnant women who were hospitalized in the pulmonolo-
gy department of the Blagoveshchensk City Clinical Hospi-
tal in the Amur Region. Of these, 88 women with COVID-19
in the second trimester (14-16 weeks gestation) were in-
cluded in the study group, which was then divided into
two subgroups based on the severity of COVID-19: sub-
group 1 (n = 42) for women with moderate COVID-19
and subgroup 2 (n = 46) for women with mild COVID-19.
The severity of COVID-19 was determined in accordance
with relevant regulatory documents, such as the clinical
guidelines “Organization of Medical Care for Pregnant
Women, Women in Labor, and Newborns with Novel Coro-
navirus Infection (COVID-19), version 5, published on De-
cember 28, 2021.

Inclusion criteria for the main study group were:
pregnancy in the second trimester (14-16 weeks), con-
firmed case of COVID-19 infection (U07.1), presence
of clinical symptoms of respiratory disease, signs of vi-
ral pneumonia (if indicated by computed tomography)
for patients in subgroup 1, signed informed consent
from participants to participate in the study and publi-
cation of its results in open sources, availability and ac-
cessibility of medical records for collection of research
information, age of reproductive capacity, and single-
ton pregnancy. Exclusion criteria included: decompen-
sated chronic somatic diseases, HIV infection, malignan-
cies, and mental disorders.

The average age of participants in subgroup 1 was
29.0 (24.0; 33.0) years, and in subgroup 2 it was 31.0 (26.0;
34.0) years. No statistically significant difference was found
between the two groups. The two groups were compara-
ble in terms of age.

Thirty-six patients in subgroup 1 (85.71 %) and 39 pa-
tients in subgroup 2 (84.78 %) were married. This deter-
mined the comparability of the two groups (p > 0.05).

The parity of pregnancy among women in both
groups did not differ significantly. In subgroup 1, there



were slightly fewer primigravid women compared to sub-
group 2, with 18 (42.86 %) and 20 (43.48 %), respectively
(p > 0.05).

The control group consisted of 40 pregnant wom-
en in their second trimester (14-16 weeks) with a neg-
ative COVID-19 status who were seen at the antenatal
clinic No. 2 of the Blagoveshchensk City Clinical Hospital
in the Amur Region. These patients were aged 30.0 (25.0;
34.0) years. Inclusion criteria for the control group re-
quired that the women were in their second trimester
(14-16 weeks), had a singleton pregnancy, had no history
of COVID-19 infection, had negative nasopharyngeal swab
test for SARS-CoV-2 at the time of testing, and did not have
a history of acute respiratory viral infection at the time
of the examination. Exclusion criteria were the same
as those for the study group.

ETHICAL REVIEW

The study has been conducted in accordance
with the guidelines of the Declaration of Helsinki (2013),
and has been approved by the local ethics committee
of the Blagoveshchensk Scientific Center for Fundamen-
tal Pediatrics and Pedagogical Research (Protocol No. 172,
dated October 12, 2021). All participants have provided
informed voluntary consent to participate in the study
(in accordance with the Federal Law “On the Fundamen-
tals of Protection of Citizens' Health in the Russian Feder-
ation” dated November 21, 2011, No. 323-FZ, as amended
December 30, 2021).

Study duration, description, and data collection

The study period for data collection and analysis was
from 2022 to 2023.

Peripheral venous blood samples were collected
for laboratory analysis. Blood was drawn upon admission
to the hospital, after COVID-19 infection had been con-
firmed through medical diagnosis, using venipuncture
in the morning, on an empty stomach. Standard vacuum
systems without anticoagulants (Guangzhou Improve
Medical Instruments Co., Ltd, China) were used to collect
the blood samples. Serum was obtained from the collect-
ed blood samples by centrifuging them for 15 minutes
ataspeed of 1500 g, and then stored at -70°C until analysis.

Serum phospholipid levels (% of the total) were de-
termined in peripheral blood samples after preliminary
lipid extraction [12] using a thin-layer chromatography
method. The resulting lipid extracts were separated into
individual phospholipid components on thin-layer silica
gel plates (Supelco, Germany). Two-dimensional thin-layer
chromatographic analysis and identification of the indi-
vidual phospholipids were performed using the protocol
described by J. Kirchner [13].

Arachidonic acid concentration was measured
by gas-liquid chromatography using a Crystal 2000M
chromatograph (Russia), equipped with a flame ioniza-
tion detector. Peaks were counted and identified using
the Chromatec Analytic 2.5 software and hardware pack-
age (Russia). Quantitative chromatogram analysis was
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performed by internal normalization, which involved de-
termining the area of each analyzed component’s peak
and calculating its relative percentage of the total area
of peaks corresponding to higher fatty acids in the sample.

The levels of bioactive metabolites of arachidonic acid
(12-HETE and 15-HETE) in serum samples were analyzed
using an enzyme-linked immunosorbent assay (ELISA).
Laboratory analyses were carried out using Enzo Life Sci-
ences (USA) reagent kits, following the manufacturer’s
guidelines, on a StatFax 2100 ELISA (USA).

Statistical analysis

Statistical data processing was conducted using
the standard IBM SPSS Statistics v.23.0 software (Statistical
Package for the Social Sciences, USA). The sample size was
not pre-determined. To test whether the observed sample
followed a normal distribution, the Kolmogorov - Smirnov
and Shapiro — Wilk tests were employed. Quantitative in-
dicators are reported as Me (Q1; Q3), where Me represents
the median and Q1 and Q3 denote the first and third
quartiles, respectively. Categorical data is presented
as proportions, frequencies, and percentages. For paired
comparisons of normally distributed quantitative data be-
tween independent groups, a Student’s t-test was utilized.
When comparing groups with non-normal distributions,
a non-parametric Mann — Whitney U-test was implement-
ed. Null hypotheses were assessed at a critical significance
level of 0.05.

RESULTS AND DISCUSSION

Phospholipids and bioactive metabolites derived
from (oxylipins) are of significant interest in the context
of COVID-19 research. These compounds form the basis
for pulmonary surfactant and play a crucial role in inflam-
mation, maintenance of lung cell integrity, and the viral life
cycle [14].

Previous studies have demonstrated that SARS-
CoV-2 replication during pregnancy is linked to high lev-
els of phospholipase A2 activity, as well as an imbalance
in the prooxidant-antioxidant system. This is characterized
by areductionin the total antioxidant capacity of the serum
and an increase in oxidative modification products of bio-
molecules, as indicated by the levels of diene conjugates
and TBA-active products, as well as 8-isoprostane. This oxi-
dative stress may contribute to lung damage and may de-
pend on the severity of the condition [15, 16]. These find-
ings suggest that the composition of phospholipids may
be affected by the development of this condition.

A comparative analysis of the study findings revealed
differences in the quantitative composition of individu-
al phospholipid fractions in the blood serum of women
in the control and study groups. The levels of serum phos-
pholipid subclasses varied depending on the severity
of COVID-19 symptoms among participants in the study
group (Table 1).

In subgroup 1, the median concentrations of phos-
phatidylcholine (Pc) and phosphatidylethanolamine (Pe)
in the blood serum were decreased by 1.5-fold (p < 0.001)
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and 1.7-fold (p < 0.001), respectively, compared to the con-
trol group. In subgroup 2, these values were lower than
in the control by 1.2-fold (p < 0.001) and 1.3-fold (p < 0.001),
respectively (Table 1). At the same time, the median lev-
el of lysophosphatidylcholine (Lpc) increased by 2.3-fold
in subgroup 1 (p < 0.001), and by 1.7-fold in subgroup
2 (p < 0.001) when compared to the corresponding value
in the control group (Table 1).

A decrease in the concentrations of Pe and Pc, accom-
panied by an increase in the Lpc levels in the blood serum
of pregnant women with COVID-19, can be attributed
to the intensification of lipid peroxidation and oxidative
stress in these patients, as previously demonstrated [15,
16]. The oxidative stress observed in COVID-19 patients
may contribute to increased phospholipase A2 activity
or reduced Lpc reacylation, resulting in a higher concen-
tration of this lipid.

The findings of Kagan V.E. et al. (2017), were complete-
ly unexpected, as they demonstrated that Pe, which con-
tains a large number of arachidonic acyl chains, is a target
for lipoxygenase. Lipoxygenase oxidizes unsaturated acyl
chains to produce cytotoxic lipid hydroperoxides, leading
to ferroptosis [17]. Other researchers have also shown that
ferroptosis is one of the primary mechanisms of cell death
in lungs infected with SARS-CoV-2. This occurs due to im-
paired iron metabolism regulation, activation of iron-de-
pendent lipid peroxidation, reduction in phospholipid
levels containing polyunsaturated acyl “tails’, and accu-
mulation of lysophospholipids. In particular, the accumu-
lation of Lpc leads to increased alveolar epithelial permea-
bility, destruction of pulmonary surfactant, and activation
of pro-inflammatory processes [18].

According to current research, increased Lpc levels
in COVID-19 patients may increase the risk of inflamma-
tion by activating NADPH oxidase in human neutrophils
[19]. Additionally, lysophospholipids and arachidonic
acid can enhance the production of pro-inflammatory

TABLE 1

cytokines (IL-8, IL-6, and IL-18) in epithelial cells and mono-
cytes, contributing to the development and persistence
of the “inflammatory/cytokine storm”in COVID-19 patients
[20]. This, in turn, can lead to disturbances in arachidon-
ic acid metabolism, resulting in an imbalance between
pro-inflammatory oxylipins such as 15-HETE and 20-HETE
[11, 20]. Therefore, these findings suggest a potential
pathogenic role for lysophospholipids and arachidonic
acid in initiating or exacerbating COVID-19 disease.

A similar pattern of change was observed for sphin-
gomyelin (Sph) with median values in the blood serum
of women in subgroup 1 increasing by 1.8-fold (p < 0.001),
and in subgroup 2 increasing by 1.4-fold (p < 0.001), when
compared to the same parameter in the control group
(Table 1).

According to international studies, Sph is not di-
rectly linked to COVID-19. However, Sph is an important
component of membrane lipid rafts, play a role in signal
transduction and activation of the immune system [21].
Specifically, proteins targeted by (angiotensin-convert-
ing enzyme 2 and membrane-associated proteases) are
embedded in these lipid rafts and contribute to viral in-
fection [22]. On the other hand, Sph has been the most
extensively studied lipid associated with high-densi-
ty lipoproteins (HDL). HDL with Sph plays a crucial role
in the body’s immune response, inhibiting the production
of cytokines and chemokines by monocytes and mac-
rophages. Additionally, HDL contains various proteins
with antioxidant properties, such as paraoxonase 1, apo-
lipoprotein A1 (apoA1), lipoprotein-associated phospho-
lipase, and glutathione peroxidase 3. HDL is also able
toinhibit apoptosisin endothelial cells through activation
of the Akt/eNOS and apoA1 pathways, as well as sphin-
gosine-1-phosphate [23]. Recent studies have demon-
strated that HDL plays a protective role against severe
complications of COVID-19 by regulating the immune
response and reducing the severity of inflammatory

CHANGES IN PERIPHERAL-BLOOD CONCENTRATIONS OF PHOSPHOLIPIDS, 12-HETE, 15-HETE,

AND ARACHIDONIC ACID IN THE STUDY GROUPS

Parameter Control group

Pc, % 39.49 (36.79; 42.18)
Lpc, % 5.29(5.0; 5.55)

Pe, % 31.12(30.34; 31.89)
Sph, % 24.10 (23.64; 24.49)

12-HETE, ng/ml 1.81(1.74; 1.89)

15-HETE, ng/ml 1.68 (1.63; 1.73)

Arachidonic acid, % 3.83(3.77;3.90)

26.82 (25.88; 27.25), p < 0.001
12.0(11.56; 12.48), p < 0.001
17.96 (17.30; 18.62), p < 0.001
43.22 (42.41; 44.05), p < 0.001
4.84 (4.78;4.91), p < 0.001
3.84(3.75;3.93), p < 0.001

5.77 (5.69; 5.85), p < 0.001

Main study group
Subgroup 1 Subgroup 2
34.17 (33.28; 35.05), p < 0.001
8.79 (8.44;9.14), p < 0.001
24.14 (23.60; 24.68), p < 0.001
32.90 (32.0; 33.80), p < 0.001
3.69 (3.63; 3.74), p < 0.001
3.17 (3.07; 3.27), p < 0.001

4.38(4.29;4.47), p < 0.001

Note. p - significance of the differences between subgroups within the main group and the control group.



responses. Sph, as a component of HDL, contributes indi-
rectly to these functions [24].

It should be noted that Sph and its precursor, ce-
ramide, have been implicated in the mechanisms
of programmed cell death (apoptosis) under various
pathophysiological conditions, including those associated
with COVID-19. Studies by international researchers have
demonstrated a clear correlation between increased Sph
levels and the risk of mortality among patients infected
with the SARS-CoV-2 virus. Apoptosis, a process that oc-
curs early on, may contribute to the initiation of lung dam-
age, leading to loss of pulmonary function and respiratory
failure [25].

Consequently, phospholipid levels were depen-
dent on the severity of COVID-19. The concentrations
of Pc and Pe decreased significantly with increasing se-
verity of the pathological process, whereas Lpc and Sph
levels increased significantly depending on the severity
of COVID-19.

Oxylipins, which are products of arachidonic acid li-
poxygenase metabolism, have been shown to play a sig-
nificant role in regulating inflammation and oxidative
stress. This is achieved through both direct and indirect
effects on cells and tissues, including modulation of vas-
cular tone (vasoconstriction and vasodilation) and im-
mune function [26].

As our observations indicate, when analyzing
the levels of oxylipins in the blood serum of pregnant
women infected with COVID-19 during the second tri-
mester, there are changes in lipid metabolism, as pre-
sented in Table 1.

Based on the results of the study, the median concen-
tration of 12-HETE increased by 2.7-fold (p < 0.001) in preg-
nant women in subgroup 1, and by 2-fold (p < 0.001)
in subgroup 2, compared with the control group (Table 1).
The same trend was observed for 15-HETE, with medi-
an values increasing by 2.3-fold (p < 0.001), and 1.9-fold
(p < 0.001), respectively, in subgroups 1 and 2 compared
to control values (Table 1). These findings suggest in-
creased activity of 12- and 15-lipoxygenase enzymes,
as well as activation of lipid peroxidation and oxidative
stress in these subgroups.

An increase in the levels of 12-HETE and 15-HETE was
observed against the background of high concentrations
of arachidonic acid. The median value of arachidonic acid
in subgroup 1increased by 1.51-fold (p <0.001),and in sub-
group 2 it increased by 1.14-fold (p < 0.001) (Table 1).

The obtained data indicate that exposure to SARS-
CoV-2 has significantly increased the concentrations
of arachidonic acid metabolites (oxylipins), specifically 12-
HETE and 15-HETE, in the blood serum of pregnant wom-
en with COVID-19. This increase was most pronounced
in cases of moderate disease severity, which may indicate
increased activity of 12- and 15-lipoxygenase enzymes,
activation of lipid peroxidation pathways, and the devel-
opment of oxidative stress. Our findings are consistent
with those of international researchers, who have also
reported elevated levels of 12-HETE in the blood plasma
of COVID-19 patients [27]. 12-HETE is known to play a role
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in various physiological and pathobiological processes,
acting as a chemotactic agent for neutrophils and smooth
muscle cells and as a mitogen for endothelial cells [28,
29]. In addition, it has been shown to induce the expres-
sion of endothelial cell adhesion molecules, tissue factor
on monocytes, and TNF-a in macrophages [29].

In general, HETEs are known for their pro-inflam-
matory and pro-apoptotic properties [30], suggesting
their direct involvement in the development of inflam-
mation in pregnant women with COVID-19. However,
recent research has identified some HETEs as anti-in-
flammatory mediators. For example, 15-HETE, which was
found to be elevated in the COVID-19 group compared
to healthy controls, is a PPARy ligand that can reduce
inflammation by inhibiting nuclear factor-kB and modu-
lating macrophage activity towards an anti-inflamma-
tory phenotype. Additionally, 15-HETE serves as a pre-
cursor for lipoxin A4. Lipoxins, in contrast to classical
pro-inflammatory arachidonic acid derivatives, exhibit
potent anti-inflammatory and resolution-promoting
properties. Additionally, 15-HETE undergoes further oxi-
dation to 15-oxo-eicosatetraenoic acid, a class of oxylip-
ins with anti-inflammatory activity [30]. Therefore, our
data indicate the simultaneous production of both
pro-inflammatory and anti-inflammatory oxylipins, and/
or a shift in the temporal expression of lipid mediators to-
wards an anti-inflammatory response, as part of a process
known as lipid class switching [31].

Therefore, the findings have allowed us to identify
certain trends in changes in the levels of arachidonic acid
and its products of lipoxygenase metabolism, oxylipins (12-
HETE and 15-HETE), which are key mediators in the patho-
physiology of various intra- and intercellular processes,
including inflammation associated with COVID-19.

CONCLUSION

The study suggests that the development of COVID-19
during the second trimester of pregnancy is associated
with alterations in the levels of phospholipids, arachi-
donic acid, and oxylipins in the peripheral blood serum.
These changes may be related to the severity of the dis-
ease process. The identified abnormalities in phospho-
lipid and oxylipin metabolism in pregnant women
with COVID-19 could potentially reflect the intensity
of the inflammatory response in the respiratory system
and could guide the optimization of therapeutic strategies
for this patient group.
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