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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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].

In a study by Ghazi et al. 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 β-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 
β-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].

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 
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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].

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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მეტაბოლური მარკერები ენდომეტრიოზში: ხედვა
რეზიუმე
აქტუალობა: ენდომეტრიოზი ფართოდ 

გავრცელებული პათოლოგიაა რეპროდუქციული 
ასაკის ქალებში. დაავადების პათოფიზიოლოგიური 
მექანიზმები ჯერ კიდევ კარგად არ არის გასაგები. 
გარდა ამისა, დიაგნოსტიკის „ოქროს“ სტანდარტი 
კვლავ ლაპაროსკოპიაა. მთელ მსოფლიოში, პაციენტებს 
შეიძლება განიცადონ ენდომეტრიოზის დიაგნოზის 
დაგვიანება დაახლოებით 6-დან 12 წლამდე. კვლევის 
მიზანი: ზოგადად ენდომეტრიოზის და კერძოდ 
ენდომეტრიოიდული ცისტადენომის მეტაბოლური 
დიაგნოსტიკის თანამედროვე ლიტერატურაში 
წარმოდგენილი მონაცემების სისტემატური ანალიზი. 
მასალები და მეთოდები: მიმოხილვა მოიცავს 
მონაცემებს მსოფლიო კვლევებიდან ბოლო 7 წლის 
მანძილზე ენდომეტრიოზის მეტაბოლურ სკრინინგთან 
დაკავშირებით. შედეგები: წარმოდგენილია 
ენდომეტრიოზისთვის დამახასიათებელი მეტაბოლური 

ცვლილებები, რომლებიც აღინიშნება ამინომჟავების, 
ორგანული მჟავების, ლიპიდების, პურინების ცვლაში. 
აღწერილი დარღვევები ასახავს ოქსიდაციური სტრესის, 
მიტოქონდრიული დისფუნქციის, ენდოთელიუმის 
დისფუნქციის და აქტიური ანგიოგენეზის პროცესებს. 
დასკვნა: გამოვლენილმა მეტაბოლურმა ცვლილებებმა 
შეიძლება გააუმჯობესოს და დააჩქაროს ზოგადად 
ენდომეტრიოზის და, კერძოდ, ენდომეტრიოიდული 
ცისტადენომის დიაგნოსტიკის პროცესი 
არაინვაზიური გზით. მეტაბოლური პროცესების 
გარკვეული დეტალური დარღვევა შეიძლება გახდეს 
პერსპექტიული პუნქტი სიმპტომების გამოსწორებისა 
და ამ პათოლოგიის მკურნალობისთვის.

საკვანძო სიტყვები: ენდომეტრიოზი, 
ენდომეტრიოიდული ცისტადენომა, მეტაბოლომიკა, 
მეტაბოლომი, მარკერები, ამინომჟავები, ორგანული 
მჟავები, ლიპიდები, პურინები, ოქსიდაციური სტრესი, 
მიტოქონდრიული დისფუნქცია, ენდოთელიუმის 
დისფუნქცია.
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