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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Objective: Endometriosis is a widespread pathology
among women of reproductive age. The pathophysiological
mechanisms of the disease aren’t enough understood
yet. In addition, the "gold" standard of diagnosis is still
laparoscopy. Worldwide, patients may experience a delay in
the diagnosis of endometriosis by approximately 6 to 12 years.
Aim of the study: To conduct a systematic analysis of the data
presented in modern literature on the metabolomic diagnosis
of endometriosis in general and endometrioid cystadenomas in
particular.

Materials and methods: The review includes data from world
studies over the past 7 years regarding metabolomic screening
for endometriosis.

Results: Metabolomic changes characteristic of endometriosis,
noted in the metabolism of amino acids, organic acids, lipids,
purines, are presented. The described disorders reflect the
processes of oxidative stress, mitochondrial dysfunction,
endothelial dysfunction, and active angiogenesis.

Conclusion: The identified metabolomic changes may
improve and speed up the process of diagnosing endometriosis
in general and endometrioid cystadenomas in particular in a
non-invasive way. Certain detailed violations of metabolic
processes can become a promising point of application for the
correction of symptoms and the treatment of this pathology.

Key words. Endometriosis, endometrioid cystadenomas,
metabolomics, metabolome, markers, amino acids, organic
acids, lipids, purines, oxidative stress, mitochondrial
dysfunction, endothelial dysfunction.

Introduction.

Endometriosis is a pathological process in which the presence
of tissue similar to the endometrium outside the uterine cavity
is determined by morphological and functional properties.
The disease is characterized by a nonspecific clinical picture;
debilitating pelvic pain, dysmenorrhea, dyspareuria, and
infertility are often noted [1-3]. This pathology is widespread
among women of reproductive age (up to 15%) [4]. In addition,
endometriosis occurs in 35% of women with infertility, as well
as in 78% of women suffering from chronic pelvic pain [5-7].
Endometriotic cystadenomas are a common cause of markedly
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reduced quality of life in women. The disease is characterized
by a chronic course and progresses significantly over time
in about 50% of patients. In addition, approximately 50% of
women with endometriosis experience recurrent symptoms over
a 5-year period, regardless of treatment approach [8-11].

The main method of diagnosing this disease is still
laparoscopy. Currently, no imaging modality is accurate enough
to replace surgery [12]. Ultrasound examination of the pelvic
organs is routinely used. Magnetic resonance imaging is
usually used before surgery [5]. According to various studies
around the world, patients may experience a delay in the
diagnosis of endometriosis from about 6 to 12 years, which
greatly complicates adequate treatment, reduces the quality
of life of women and imposes a significant financial burden
on patients and the healthcare system [5,8]. The discovery of
new biomarkers useful for the early diagnosis of endometrioid
cystadenomas is of great importance.

It should be noted that the causes and mechanisms of
endometriosis are not well understood. The above-described
aspects of endometriosis, such as understanding of the
pathophysiology, delayed and invasive diagnosis, inconsistent
clinical presentation, and unknown etiology, present a challenge
to the scientific and medical community. Metabolomics can
serve as a tool for their clarification.

Metabolomics & concepts.

A metabolome is a collection of all metabolites that are the
end product of metabolism in a cell, tissue, organ, or organism.
They and the influence of the environment on them are studied
by metabolomics [13]. Metabolomic screening, in turn, is aimed
directly at the consideration of pathogenesis and comorbidity
by reflecting them in pathological metabolic processes [14,15].

Of interest for early diagnosis, prognosis, and, accordingly,
timely effective therapy for endometriosis in general and
endometrioid cystadenomas in particular is a non-invasive
examination through metabolomic screening. Metabolic
analysis is promising in the diagnosis of endometriosis due to
the fact that ectopic tissue has specific pathological metabolic
pathways [8,14,16].

The central role in endometrioid cystadenomas belongs to
local inflammation [1]. In support of this claim, a wide range
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of studies have shown that the peritoneal fluid of patients
with endometriosis contains high levels of macrophages and
immune cells that secrete cytokines, angiogenic factors, and
growth factors. Another factor affecting the expression of these
cytokines and other cell adhesion molecules is oxidative stress,
which is a concomitant component of inflammation associated
with endometrioid cystadenomas [1,14,17].

Metabolomics for endometrioid cystadenomas, analysis of
world literature.

Pathogenetic pathways are reflected in various groups of
metabolic indicators, metabolic panels. Studies demonstrate
altered amino acid levels in blood serum, urine, ectopic
endometrial tissue, and follicular fluid. Dutta et al. in two
studies noted an increase in serum leucine levels in patients with
endometriosis, while Jana et al. showed a decrease. It should be
noted that Dutta et al. took blood samples from women during
the secretory phase of the menstrual cycle, while Jana et al.
during the follicular phase. The metabolome is a dynamic system
and is subject to environmental influences and genetic changes
[18,19,20]. Thus, hormonal dynamics during the phases of the
menstrual cycle can affect the amino acid levels of patients with
endometriosis. The reason for this may be changes in ectopic
tissue throughout the menstrual cycle. Vicente-Munoz et al.
found differences in metabolic parameters using urine samples
taken in the follicular and luteal phases of the menstrual cycle.
However, regardless of the phase of the menstrual cycle, the
levels of taurine and lysine differed markedly from the norm
[21-24].

Research shows interesting changes in taurine levels. Taurine
is associated with high cell proliferation and also acts as an
antioxidant. An increase in the content of taurine was noted at
high oxidative stress. Because endometriosis is characterized by
high concentrations of reactive oxygen species, elevated taurine
levels may play a role in reducing high oxidative stress states
[14,25].

Inastudy by Ghazietal. an elevated level of 2-methoxyestradiol
has been described. This compound inhibits angiogenesis
and cell proliferation. Elevated levels of 2-methoxyestradiol
may also play a protective role, preventing angiogenesis and
proliferation of endometrial cells [26].

In addition, Murgia F. et al. found an increase in the
concentration of B-hydroxybutyric acid and glutamine, as
well as changes in pathways such as nitrogen metabolism,
pyrimidine metabolism, glutamine, and glutamate metabolism,
and aminoacyl-tRNA  biosynthesis. = Accumulation of
B-hydroxybutyric acid concentration may be an indirect sign of
oxidative stress. The most significant glutamine-producing tissue
is muscle mass, but glutamine is also released in small amounts
by lung and brain cells. Which is considered to be correlated
with the modulation of nerve pain, since the compound is an
excitatory neurotransmitter. An increase in glutamine levels in
certain areas of the brain in women with chronic pelvic pain
was identified in the study with endometriosis. Thus, its role in
the occurrence or worsening of chronic pelvic pain in patients
with endometriosis in general and endometrioid cystadenomas
in particular is suggested [1,11].
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Tryptophan, as a characteristic metabolite in endometriosis
and endometrioid cystadenomas, is characterized by changes in
biosynthesis. Murgia F. et al. showed a decrease in tryptophan.
The importance of this amino acid is that its catabolism may
be involved in the immune tolerance of endometriotic implant
cells [1,8].

Altered amino acid levels could potentially explain the
pathogenetic aspects of endometriosis and endometrioid
cystadenomas. As is known, ectopic tissue cells are characterized
by high proliferation, angiogenesis, antiapoptotic, cell invasion,
and increased energy demand. All these qualities require a high
catabolic state in which amino acids can serve as an important
source of energy, since they can be converted into intermediate
products of the tricarboxylic acid cycle and support the energy
needs of rapidly growing cells of ectopic tissue. Studies have
noted an imbalance in the levels of several amino acids when
analyzing their metabolic pathways [8,20,27-30,31].

The metabolome in endometriosis is characterized by marked
changes in the lipid profile. Phospholipids play an important
role in cellular processes such as proliferation, survival, cell
transformation, ectopic progression, and differentiation. Studies
have noted elevated levels of lysophosphatidylethanolamine,
omega-3 arachidonic acid, and phosphatidic acid in plasma,
follicular fluid, and peritoneal fluid, while reduced levels of
phosphatidylcholine and phosphatidylserine have been observed
in ectopic tissue [14,28,31]. In particular, phosphatidic acid is
a phospholipid known for its diverse participation in cellular
processes, which is one of the main mediators of cellular
transformation, survival, and proliferation of endometrioid
cells outside the uterine cavity. In addition, phosphatidic acid
stimulates oxidative stress leading to the production of reactive
oxygen species [14,16,20,29].

Under the influence of cyclooxygenase enzymes, arachidonic
acid is transformed into prostaglandins, thromboxanes and
leukotrienes. A decrease in the ratio of eicosatetraenoic acid
to arachidonic acid directly correlates with disease severity.
Also, Li et al. showed that the concentration of arachidonic acid
was significantly higher in women with endometriosis than in
women in the control group [14].

Malondialdehyde, which is a lipid peroxidase, is also a marker
of oxidative stress in endometriosis. Studies have noted higher
serum levels of malondialdehyde in patients with endometriosis
compared to healthy controls. In addition, women with
endometriosis are reported to have higher levels of lipid
hydroperoxides, vitamin E, and catalase [8].

Superoxide dismutase is an antioxidant enzyme involved
in oxidative stress. A decrease in its activity in the plasma of
affected patients was registered, which confirms the theory of a
decrease in antioxidant capacity in endometriosis. An increased
activity of carbonic anhydrase, as an oxidative stress enzyme,
was also noted in women with endometriosis compared with
healthy women, along with a cytosolic decrease in the content
of glutathione in women with endometriosis [8,17].

Changes in the levels of phosphocholine and
phosphatidylcholine, which are considered biomarkers of
cell proliferation, have been reported in ectopic tissues,
follicular fluid, and peritoneal fluid [14]. It should be noted



that phosphocholine is an intermediate product in the synthesis
of phosphatidylcholine, the most common phospholipid.
Phosphatidylcholine is a source of production of sphingomyelins
and prostaglandins identified in tissues, follicular fluid, and
peritoneal fluid in this pathology. They may be involved in
the process of denervation and subsequent reinnervation in
endometriosis, as well as cell preservation [9,13,25,27,31,32].
It can be argued that altered lipid levels are characteristic of
endometrioid lesions and reflect the pathogenetic aspects of the
disease. Lipidomics shows significant potential for explaining
the mechanisms involved in endometriosis.

In connection with the above-described features of the needs
and metabolism of ectopic tissue cells in endometriosis, it is
worth considering the metabolic panels of organic acids. Organic
acids such as pyruvate, succinate, and citrate are important
intermediates in the tricarboxylic acid cycle [19,20,24].
Studies have noted marked increases in their levels in serum
and follicular fluid. This may indicate the activation of the
tricarboxylic acid cycle for the formation of ATP and, as a result,
providing energy for the rapid proliferation of endometrial-like
cells. On the other hand, lower glucose levels and higher levels
were found in patients with endometrial lesions, indicating a
high anaerobic metabolism. The authors note a reduced activity
of antioxidant enzymes, in particular, an insufficient level
of reduced glutathione, which leads to the synthesis of a by-
product, 2-hydroxybutyrate. Elevated levels were found in the
blood serum of patients with endometriosis, which correlates
with the process of chronic inflammation and tissue damage in
endometriosis [10,14,15,24,31,33].

Studies also demonstrate high concentrations of guanosine,
hypoxanthine, inosine, and xanthosine in combination with low
levels of uric acid in the eutopic endometrium of patients with
endometriosis. As well as low expression of purine nucleoside
phosphorylase, which protects purines from destruction and
negatively affects the processes of embryo implantation
[12,19,20,24,26]. What may be relevant in the high prevalence
of infertility in women with endometriosis, and high levels of
purines may be considered in connection with this.

In addition, a significant decrease in the level of carnitine in
the peritoneal fluid was found in women with endometriosis.
It is believed that L-carnitine may be useful in the treatment of
infertility due to its antioxidant effect [28,34].

In ectopic cells, the high energy requirement leads to altered
biochemistry, including dysfunction of the citric acid cycle. As a
result, alternative ways of delivering the carbon component are
needed. The elevated levels of L-arginine, L-tyrosine, leucine,
lysine, and asparagine observed in the ectopic endometrium are
most likely caused by altered energy metabolism and a high
level of structural protein catabolism. Such changes can also be
reflected in blood plasma [28,34].

Endometriosis, being a polygenic and multifactorial disease,
has increased angiogenesis and proteolysis, contributing to
its development and progression. Studies demonstrate the
prominent involvement of several factors associated with
angiogenesis, such as delta-like 4 (Dll4)-Notch signaling
pathways, angiopoietin, vascular endothelial growth factor, and
vascular endothelial growth factor receptor [8].
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Vascular endothelial growth factor and vascular endothelial
growth factor receptor are the best-known molecules involved
in the process of angiogenesis. They are able to regulate cell
proliferation, migration, and permeability. They promote
intraperitoneal angiogenesis, supporting existing ectopic lesions
and the development of new ones. This has been reflected in
studies in the form of changes in plasma concentrations of IL-
17A, which promotes increased expression of various angiogenic
factors such as VEGF, IL-8 and bFGF, according to published
results. In addition, their significant decrease was noted after
surgical removal of ectopic endometrial tissue [8,15,33].

Discussion.

Summing up, it should be noted that metabolomic screening
for endometriosis in general and endometrioid cystadenomas in
particular is characterized by a number of changes. The described
disorders reflect the processes of oxidative stress, mitochondrial
dysfunction, endothelial dysfunction, metabolic disorders
of amino acids, organic acids, purines, lipid metabolism, and
active angiogenesis.

The highlighted metabolomic changes can improve and speed
up the process of diagnosing endometriosis in general and
endometrioid cystadenomas in particular in a non-invasive
way. Through the study of large samples, the stereotyped
metabolic profile of patients with endometrioid cystadenomas
can be distinguished. Certain detailed metabolic disorders
may be a promising point of application for the correction of
symptoms and the treatment of endometriosis and endometrioid
cystadenomas.

Our research team plans to review the detailed metabolomic
profile of patients and identify metabolomic markers
characteristic of this pathology. The exact timing of application
is being discussed. In the future, metabolomic analysis can be
used to assess the dynamics of therapy for patients who do not
require surgical treatment according to standards, and they can
also be considered in the future for the differential diagnosis
of the disease in the early stages. The markers that we plan
to consider reflect changes in the metabolism of pathological
tissue, thanks to which we will be able to influence pathological
processes. In addition, markers discovered in the future may be
a useful point for applying new therapy or additional correction
of the condition.

Conclusion.

Metabolomics  undoubtedly  deserves  attention  for
understanding the pathophysiology of diseases at a more detailed
level. It can act as a new tool in the search for diagnostic markers
of gynecological diseases and application points for therapeutic
approaches in disturbed metabolic processes. However, the
number of large studies is small, and the existing work has
limitations. It is necessary to expand research in this direction
with a more thorough consideration of controversial issues and
the use of a deeper analysis.
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