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RESUMO

A relevancia do estudo se deve a prevaléncia e aumento da incidéncia de endometriose,
principalmente em pacientes jovens, sua influéncia na fungédo reprodutiva e a falta de diagnéstico nao
invasivo confiavel da doenga e seus estagios. Nao existem opinides unificadas sobre a etiologia e
patogénese multifatorial desta doenga. Este artigo tem como objetivo revelar os mecanismos de formagao
de estagios de endometriose com base no estudo do efeito da produgéo de citocinas, metabdlitos de éxido
nitrico e metabolismo lipidico. A principal abordagem para estudar esse problema é investigar os niveis
sistémico (soro sanguineo) e local (liquido peritoneal), sua comparacéo. Isso permite uma consideragao
abrangente da patogénese da doengca e a determinagdo do valor dos fatores biologicamente ativos
mencionados, dependendo dos estagios da doenca. O artigo apresenta novos dados sobre o conteudo de
lipoproteinas de alta e baixa densidade, colesterol, fator de crescimento transformador 1 e fator de necrose
tumoral a, conteudo de metabdlitos de 6xido nitrico e sua interpretagao clinica € dada de acordo com os
estagios da doenga. Os materiais do artigo sdo de valor pratico para pesquisadores de endometriose e
praticantes de ginecologistas e obstetras.

Palavras-chave: endometriose genital externa, lipoproteinas, Ooxido nitrico, fator de crescimento
transformador beta 1, fator de necrose tumoral alfa.

ABSTRACT

The relevance of the study is due to the prevalence and increase in the incidence of endometriosis,
especially in young patients, its influence on reproductive function, and the lack of reliable non-invasive
diagnosis of the disease and its stages. There are no unified views on the etiology and multifactorial
pathogenesis of this disease. This article is aimed at revealing the mechanisms of the formation of
endometriosis stages basing on the study of the effect of cytokines production, nitric oxide metabolites and
lipid metabolism. The main approach to study this problem is both to investigate systemic (blood serum) and
local (peritoneal fluid) levels, their comparison. This allows comprehensive consideration of the pathogenesis
of the disease and determination of the value of the mentioned biologically active factors depending on the
stages of the disease. The article presents new data on the content of high- and low-density lipoproteins,
cholesterol, transforming growth factor 31 and tumor necrosis factor a, the content of nitric oxide metabolites

Periddico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

DOI: 10.52571/PTQ.v17.n35.2020.69_ERMOLOVA pgs_813_824.pdf

813



and their clinical interpretation is given according to the stages of the disease. The materials of the article are
of practical value for researchers of endometriosis and practicing obstetrician-gynecologists..

Keywords: external genital endometriosis, lipoproteins, nitric oxide, transforming growth factor beta 1, tumor
necrosis factor alpha.

AHHOTALUUA

AKTyanbHOCTb UCCrefoBaHUsA oOycrnoBneHa pacrnpoCTPaHEHHOCTbLID U POCTOM 3aboneBaemMocTu
3HOOMETPUO30M, 0CODBEHHO Yy MaLMEHTOK MOMNOAOro BO3pacTta, BMUSIHUEM €ro Ha penpoayKTUBHYHO PyHKUMIO,
OTCYTCTBMEM HaAEXHOW HEMHBA3MBHOW ANArHOCTMKM 3aboneBaHusa u ero ctaguin. HeT eguHbIx B3rNsiAoB Ha
3TUONOMMI0O U MHOTO(PAKTOPHBIA MaToreHe3 3Toro 3aboneBaHus. B cBA3n ¢ aTMM, AaHHaa cTaTtbs
HanpaeneHa Ha pacKpbiTUe MeXaHU3MoB (HOPMUPOBAHMSA CTaauN 3HOOMETPUO3a Ha OCHOBaHUU U3y4EHUSA
BNUAHWS NPOAYKUUN LIUTOKMHOB, MeTabonuMToB OkcMaa a3oTa u obmeHa nunugos. Beaywmm nogxogom kK
nccrnegoBaHuio JaHHOM npobnembl SBNAETCA MUCCNeaoBaHWE Kak CUCTEMHOro (CbiBOPOTKa KPOBW), Tak U
MECTHOro (nepuToHearnbHasi XWOKOCTb) YPOBHEW, WX COMocTaBneHwe. JTO  MO3BOMSIET KOMMMEKCHO
paccMoOTpeTb naToreHe3 3aboneBaHust U onpeaennTb 3HayYeHne 0003HaAYEeHHbIX BUONOrMYeckn aKTUBHBLIX
(aKTOpOB B 3aBUCMMOCTM OT cCTaaui 3aboneBaHusi. B cTaTbe npeactaBneHbl HOBble [daHHble MO
COLEPXXaHWIO NIMNOPOTENHOB BbICOKOW U HU3KOW MIOTHOCTW, XONECTEPUHY, TpaHcdhopMupytowero daktopa
pocta B1 u pakTopa Hekpo3a onyxonem a, cogepXaHuto MeTabonuToB OKcuaa as3oTa M JaHa ux
KIMHUYeCKasl WHTeprpeTauuss B COOTBETCTBMM CO cTagusmm 3aboneBaHusi. Martepuanbl cTaTbu
NpeacTaBnAlT NPaKTUYECKYyH LEHHOCTb ANS WUccredoBaTenen SHAOMETPMO3a U MPaKTUKYIOLWMX Bpaden
aKyLUEepOB-TMHEKOSIOrOB.

KnioyeBble cnoBa: Hapy)KHbIlj 2eHuUmarsbHbIl 3HO0M€‘mpu03, JiurioripomeuHsl, oKkcud® asoma,

mpaHcghopmupyrouwuli pakmop pocma 6ema 1, gpakmop Hekpo3a ornyxonu anbga.

1. INTRODUCTION contains a large amount of lipoproteins,
especially of low density, which generate oxidized
lipid components as part of a macrophage
inflammatory medium (Anderson Sanches Melo

et al., 2010)

The TGF-B1, found in high concentrations
in the PF of patients with EGE (Charles et al.,

Endometriosis is a chronic, recurring,
genetically determined, inflammatory disease. Its
main clinical manifestations are persistent pain
and infertility. According to morphological and
functional properties It is a benign growth outside

the uterine cavity tissue similar to the 2010), has anti-inflammatory properties and is
endometrium (Adamyan et al., 2016). able to inhibit TNF-a, IL-1B and other cytokines
About 2-10% of women of the synthesis, inhibit endothelial cell proliferation.

reproductive age in the population suffer from this
disease (Adamyan et al., 2016; Falcone and
Lebovic, 2011) and up to 50% of women
screened for infertility (Vercellini et al., 2011). Still
there are no non-invasive markers of external
genital endometriosis (EGE). Scientists discuss
the problem of the systematic progression of this
disease but no solution is found.

Processes occurring in the peritoneal
cavity pay an important role in the development
of external genital endometriosis in patients of the
reproductive age. The amount of peritoneal fluid
(PF) is known to be increased in women with
endometriosis comparing with healthy women
without endometriosis (Sonova et al., 2010). PF
in these patients is characterized by a high
content of activated macrophages (Berbic et al,,
2009) producing cytokines: TNF-a (Sonova et al.,
2011), TGF-1 (Ermolova , 2009) stimulating
angiogenesis (Wang et al.,, 2009) and also

Information on the TNF-a role in the cell is
rather contradictory, and often it produces
opposite effects on the same cell types (Laschke,

2011). TNF-a activates lipolysis and inhibits
lipogenesis.
The development of so-called local

aseptic inflammation and immunocompetent cell
dysfunction is generally considered as a fact
established both in an experimental model of
endometriosis in mice and in the abdominal
cavity of patients with endometriosis (Schmidt et
al., 2015). In endometriosis macrophages are not
able to perform their all functions, and an
estrogen-dependent chronic inflammation is
triggered (Takebayashi et al., 2014). Imbalance in
the formation of free radicals makes the basis of
the inflammatory process in endometriosis
(Darling, 2013).
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Nitric oxide plays the role of a universal
regulator of many biological functions having both
protective and damaging character. Thus, being
an important regulator of vascular tone, providing
immune responses, neuronal transmission and
antioxidant protection, nitric oxide can under
certain conditions also act as a free radical, which
has a pronounced destructive effect (Babushkina,
2009; . Bryan et al., 2009). Nitric oxide is formed
in cells from L-arginine under the action of NO-
synthase enzyme (Vanin, 2008). There is a
second way of converting L-arginine, by means of
arginase, it is hydrolyzed to ornithine and urea,
followed by the formation of proline (Babushkina,
2009), which in turn is a source of tissue
hardening, and, it is well known, moderate and
severe degree of EGE in 100% of cases is
accompanied by the development of the adhesive
process (Luciano and Adhesion, 2008). In this
case, the problem is not only in the clinical
manifestations of the adhesive process (pelvic
pain, infertility) (Chernukha, 2011), but also in the
high  recurrence rate after mechanical
adhesiolysis during laparoscopy. Arginase and
NO-synthase compete with each other for a
common substrate - L-arginine. Arginase, an
enzyme in the urea synthesis cycle, has a higher
activity and exceeds that of NO-synthase (Vanin,
2008).

N. Santanam et al. (2002), found the
presence of an acidic environment in the PF of
women with endometriosis. PF lipoproteins in
patients with endometriosis have a greater ability
to oxidation compared with blood plasma
lipoproteins.

Many scientists search for new non-
invasive markers of endometriosis, and
biochemical and immunohistochemical indicators
already developed are unfortunately not specific
(Vodolazkaia, 2012; Gajbhiye et al., 2012).
Additional studies are necessary to determine the
effectiveness of the early diagnosis of
dyslipidemia in order to prevent endometriosis in
patients of reproductive age. Of particular interest
is the participation of cytokines, metabolites of
nitric oxide and lipoproteins in the formation of
the stages of the disease, which will allow to
personalize the treatment tactics of these
patients.

The purpose of the study was to
determine clinical significance of lipid and
cytokine markers status, nitric oxide metabolites
in the formation of disease stages in patients of
reproductive  age  with  external  genital
endometriosis.

2. MATERIALS AND METHODS

The study, approved by the Local Ethics
Committee of the Research Institute of Obstetrics
and Pediatrics at Rostov State Medical
University, included 96 patients, 74 were patients
with EGE and 22 women without endometriosis
(control group) who underwent examination and
treatment at the gynecology department of the
Research Institute of Rostov State Medical
University.

All patients were divided into 3 clinical
groups: group | consisted of 28 patients with I-II
stages of EGE according to r-AFS classification
(1985), group Il - 46 patients with stages IlI-IV of
the disease. The Il control group consisted of 22
patients without endometriosis.

To achieve the above purpose, the
following methods were used: clinical (medical
history, examination), laboratory, ultrasound,
endoscopic (laparoscopy, hysteroscopy,
colposcopy), histological examination of biopsy
specimens obtained during laparoscopy.

The following criteria were used to include
the patients into the study: Criteria for the
inclusion of patients in the study: 1. The patient
underwent endoscopic surgery (laparo- and
hysteroscopy), confirming EGE with subsequent
morphological verification of the diagnosis, in
patients without EGE to exclude tubal-peritoneal
infertility factor, sterilization. 2. Reproductive age
of patients. 3. Complaints of infertility and/or pain.
4. Body mass index 18.5 - 25 kg/m?.

The criteria for the exclusion from the
study were the puberty and perimenopausal age
of the patients, obesity or metabolic syndrome.

The patients were included into the study
after obtaining informed consent and were
recorded according to the standards of the Ethics
Committee of the Russian Federation (protocol
No. 46 dated 04/17/2014). Blood, peritoneal fluid
of patients obtained by laparoscopy was used in
the study.

Analysis of clinical data showed that in all
patients menstrual cycle was preserved, its mean
duration in group | (EGE stage I-1l) was 28.04 *
1.2 days, in group Il (EGE stage IlI-IV) - 28.7 %
1.4 days, in group Il (control) - 26.1 £ 1.3 days.
Early menarche (up to 11 years old) was more
common in patients with EGE from group I
(60.9%) and group | (562.7%), i.e. in patients with
EGE, early menarche was found, unlike patients
in the control group. The mean age menstruation
beginning was in group | 10.2 = 0.11 years, in
group Il - 11.8 £ 0.19 years, in group Ill - 13.4 £
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0.1 years. Algomenorrhea occurred in 50% of
patients with EGE with menarche, in 85.1% of
patients with |-l stage of EGE and only in 21.7%
of patients with IlI-IV stage of EGE.

34.9% of patients with EGE complained of
progressively increasing pelvic pains, before and
during menstruation 54%, dyspareunia 22%,
spotting blood excretions before or during
menstruation 28%. It should be noted that with
minimal forms of the disease, pelvic pain was
found only in 4% patients, while in severe forms
(stage llI-IV of EGE) this symptom was present in
more than half (55.2%) of patients which is
significantly higher (p <0.05) when conducting
intergroup comparisons. Psychoemotional
disorders were in 38% in patients with EGE.
Progression of the disease leads to increased
frequency of symptoms. The severity and
intensity of complaints prevailed in the group of
patients with Ill - IV stage of EGE.

40.8% with EGE had primary infertility. In
patients with EGE I-Il stages it was registered in
68% of cases, which was 1.2 times higher than in
the group with EGE |IlI-IV stages, 39.5%.
Secondary infertility was in 21.2% with EGE: in
the first group of patients it was in 28% of
patients and in the second group — in 23.6% of
patients.

79.7% of the patients with stage I-Il EGE
(group 1) had in their anamnesis sexually
transmitted infections (STIs), and inflammatory
diseases of the pelvic organs (PID) in 57.4% of
patients, while in group Il patients with EGE of
the IlI-IV stage of STls were found in 78.3%, and
PID - in 60.9% of women.

Analysis of the duration of the disease
from the onset of clinical manifestations to the 1st
hospitalization revealed that this period ranged
from 3 months to 6 years.

In 53.9% of patients ultrasound
examination showed endometrioid cysts from 4 to
10 cm in size with a fine suspension of both
unilateral (4%) and bilateral (95%). Only in 18%
of patients with EGE typical endometrioid
infiltrates from 2.5 to 3 cm were identified in the
area of the uterine isthmus.

Colposcopy revealed background
diseases of the cervix in 60.1% of patients with
EGE stage I-ll, in 76.6% of patients with EGE
stage llI-1V, while cervical dysplasia was found in
16.9% of in group | patients and in 21.7% group |l
patients. In the control group of patients,
background cervical pathology was found in 30%,
and cervical dysplasia in 10% of women.

In all cases surgical treatment was
performed by laparoscopic access in the organ-
saving volume. The main tasks of laparoscopic
treatment were: maximum removal of all
endometrioid foci; elimination of the adhesive
process; restoration of the normal anatomy of the
internal genital organs. Endometriosis prevalence
was determined by laparoscopy using the
recommendations of the revised classification
developed by the American Society for Fertility (r-
AFS) (1985). In our study, laparoscopy revealed
a high percentage of endometrioid ovarian cysts
(53.97%), which may indicate the untimely
diagnosis of EGE. Superficial foci of
endometriosis in the ovaries were detected in
42.8% of cases. Sacro-uterine ligaments (77.7%)
and the rectum-uterine space (69.8%) lesions
were most common, while in the vesicoureteral
space foci of endometriosis were detected only in
31.7% of cases. On the wide uterus ligament
endometriotic lesions were detected less often -
4.7% of cases.

In patients of the first group with EGE
stage I-Il, adhesions of the | degree were found in
12.8% of patients, of the Il degree — in 10.8%, of
the Il degree —in 2.7%, and of the IV degree — In
2%. In women of the second group, with EGE

stage Il - IV, adhesions were found in 12%,
16.3%, 17.4%, 16.3% of cases, respectively.
In stage I-ll, ovarian lesions were

registered in 31% of cases, endometrioid cysts in
4%. Only peritoneum lesion was in 66.2%,
combined forms - (peritoneum and ovaries) — in
48.7%. In EGE stages lll - IV ovarian lesions in
the form of endometrioid cysts were revealed in
94.6% of cases. Damage to the peritoneum was
in 40.2% of cases. Combined forms (peritoneum
and ovaries) were in 78% of patients.

Hysteroscopy revealed endometrial
hyperplastic process in the form of simple
hyperplasia without atypical signs was detected
in 27% of group | patients and in 35.3% of group
Il patients, while in the control group this
pathology was found only in 5% of women.

EGE was histologically confirmed in all
patients of clinical groups | and Il. Endometriosis
verification was carried out according the degree
of the process prevalance and the
morphofunctional characteristics of heterotopic
foci. The morphological diagnosis was based on
the microscopic detection of ectopic endometrioid
epithelium in combination with elements of the
endometrioid stroma. Macrophages containing
hemosiderin were also found in it. Endometrioid
heterotopy was microscopically presented by an
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accumulation of cellular formations, tubular,
branching or cystically dilated. Internally the
glands were lined with a cylindrical epithelium,
sometimes even with cilia. In heterotopic foci,
there were two types their existence -
progression and regression. Proliferation of
glandular epithelium of varying severity, secretory
changes, decidualization of the cytogenic stroma
were most common and typical for the
progressing EGE foci. Regressing OGE foci
without signs of functional activity were
characterized by the presence of cystic gland
transformation, epithelial atrophy, fibroplastic
restructuring and angiomatosis of the cytogenic
stroma in 19.6% of all patients, in EGE I-lI
stages — in 13.5% of patients, IllI- IY stages - in
24.5% of women. Histological examination of the
surgical material revealed endometrial glands in
endometrioid heterotopia in 71.7% of cases,
49.6% of patients had it in the proliferation phase,
50.4% of patients — in the secretion phase, and
18.3% in the middle secretion phase — 18.3%, in
late - 81.7%. Since laparoscopy was performed in
the first phase of the menstrual cycle, the data
obtained indicate that in half of cases there was
no correlation of the state of endometrioid
heterotopy to the uterine cycle.

Angiomatosis was more pronounced
(24.5% of cases) in patients with EGE stage llI-
IV. Moreover, in the stroma surrounding the
gland, a mild lymphoid and plasmocytic infiltration
was in 11.7% of cases of a focal character. As a
percentage, there were no differences in EGE
stages. Thus, at stage I-Il they made 13.4% and
in EGE stage IllI-IV - 12.5%. Stromal sclerosis
was found in 55.7% of EGE patients. Moreover,
diffuse sclerosis, which develops at the end of
inflammation, or chronic insufficiency of blood
supply, was in 50% of cases, while focal sclerosis
occurred in 25% of patients. In OGE stage |-l it
was revealed in 43.9% of patients, in stage IlI-IV
— in 65.2% of patients. Hyalinosis was found in
33.4% of patients, and it was more pronounced
with OGE stage IlI-IV — 42.9% of patients, versus
21.6% of patients with stage I-Il of the disease.
Inflammation in the stroma of endometrioid
heterotopia in was found in 34.9% of cases in the
general group, in OGE stages I-Il — in 43.2% of
patients, in stages llI-IV — in 28.3% of patients. It
should be noted that inflammatory changes in
endometrioid heterotopies are more pronounced
in EGE stage I-ll, while sclerosis and tissue
hyalinosis as outcomes of this process prevail in
patients with EGE stage IlI-IV.

Serum lipoproteins and EGE were
determined using Randox kits (Germany) on

Sapphire-400 biochemistry analyzer (Japan). The
endogenous level of nitric oxide in the form of a
nitrite anion (NO-) was determined using Griss
reagent. Nitroxide synthase (NOS) activity was
assessed by the increased nitric oxide production
from L-arginine in the presence of NADPH.
Growth factors, cytokines, were determined by
enzyme-linked immunosorbent assay using “RED
Systems” kits (USA). Statistical data processing
was carried out using the Statistica licensed
software package (version 5.1, made by Stat
Soft). The sample size in the work completely
corresponds to the range of obtaining a
confidence interval of probability, 0.95, and
accuracy of calculation of statistical parameters,
0.05. Results are presented as median and
interquartile  interval. The significance of
differences between the compared parameters
was determined by the Mann-Whitney criterion
for nonparametric distributions. The results were
considered to be statistically significant at p
<0.05. In correlation analysis of the data, the
Pearson criterion was used in the case of a
normal distribution of variables and otherwise the
Spearman criterion, and the significance level
was 0.05.

3. RESULTS AND DISCUSSION

The results obtained in patients with
stages I-Il of EGE are presented in Table 1. It
shows that the content of TGF-B1 in the blood
serum in these was 1.4 times higher compared to
the control group of women (p <0.004).

The study of lipoproteins revealed
significant changes in the content of HDL in the
blood serum, characterized by their increase of
1.1 times (p <0,013) (Table 1). Nitric oxide (NOx)
metabolites content in the blood serum of
patients with I-Il stages of EGE was 6.9 times
higher than in the control group (p <0.041), while
NO synthase activity was not change significantly
and remained at physiological level.

At stage lll-IV of EGE, the content of
TNF-a in the blood serum of patients was 1.9
times higher compared with the data of women in
the control group (p <0.014).

Significant changes in the content of the
studied lipid fractions concerned only HDL both in
minimal and severe forms of EGE (p <0.013 and
p <0.06, respectively). The content of NOx in the
blood serum of patients with IlI-IV stages of EGE
(Table 1) was 13.4 times higher than in the
control group (p <0.001).
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The study of the lipid spectrum in the PF
in patients with stages |-l of EGE showed the
increase of free cholesterol 1.43 times content,
HDL - 1.73 times and HDL - 1.6 times (p <0.008,
p <0.004, p <0.003, respectively) (Table 2).

The content of TNF-a in the PF in patients
with stages llI-IV of EGE was 1.5 times less
compared with the control group of women (p
<0.050) (Table 2), while the level of TGF-B1 in
these patients was 1.7 times higher than the
control (p <0.001).

The content of NOx in the PF of patients
with 1ll-IV stages of EGE was 3.3 times higher
than in patients in the control group (p <0.039)
(Table 2). The activity of NO synthase exceeded
physiological parameters by almost 1.5 times (p
<0.001).

There is no doubt that for the most
successful solution of the EGE problem it is
necessary to use modern methodological
approaches, in particular, a comprehensive study
of the molecular basis of the disease
development and the relationship of metabolic
disorders at the local and systemic levels.
Formation of the disease stages is of special
interest since it makes the basis for the further
management of patients. The proliferation factors
of endometrioid heterotopia (cytokines and
growth factors) and metabolic (lipid) parameters
that affect the activity of enzymes involved in the
processes of angiogenesis were studied.

Biologically active polypeptides - growth
factors that stimulate or inhibit angiogenesis, and
also regulate cellular mitogenic effects play an
important role in the regulation of intracellular
metabolism. This refers to TGFB1 (Burlev,2012;
Ermolova, 2008; Ermolova, 2009). TGFB1 inhibits
proliferation and induces differentiation of most
types of cells that have been studied already. As
for TGFB1 metabolic features, it inhibits NO
synthase activity and activates arginase
(Babushkina, 2009). Significance of the systemic
level of regulation of metabolic processes that
control cell growth (TGF-B1) in the study
indicates the presence of compensatory reactions
in patients with I-Il EGE stages.

It was shown in the experiments that
incubation of recruited macrophages with
cholesterol causes a significant increase in TGF-
B1 (Schwartz, 2009). Cholesterol can directly
induce the synthesis and secretion of TGF-f1 in
monocytes - macrophages.

Variations in the lipid content of cell
membranes can also significantly change the

activity of proteins that are their components
(Keelet, 2012). In the presence of inflammatory
processes in the body, cholesterol and
phospholipids content changes. Cell membranes,
mainly the middle phospholipid layer, with
intensively occurring processes, serve as a
screen to reflect the aggressive effects of the
cascade of toxic products. As a result of the
changes caused, the structure, membrane
functions, balance between radical oxidative
processes and the functional antioxidant defense
system are disturbed. A large number of low-
density lipoproteins (LDL) generate very low-
density lipoproteins (VLDL) (oxidized
components), which enhance the growth of
heterotopia by activating endometrial cell growth
factors (Verit, 2013; Melo, 2010).

HDL increase causes paraoxonase-1
(PON-1) increase in the content, which is a part
of lipoprotein complex, and, consequently, its
activity. Study of the paraoxonase gene
polymorphism (Kolesnikova et al., 2012) confirms
this proposition, which showed the absence of its
differences compared with the parameters in
patients of the control group. HDL modification in
women with EGE |-1I stages at the systemic level
is compensatory in nature, aimed at preventing
the formation of more "significant" endometrioid
heterotopia in the peritoneal cavity.

Increase in nitric oxide production is due
to the activation of the nitrite reductase pathway
for its synthesis. NO metabolites hyperproduction
contributes to the progression of endometrioid
heterotopia due to vasodilation of the existing
vessels and the formation of new ones by
stimulating migration and proliferation of
endothelial cells (Sonova et al., 2010). Nitric
oxide is also known as a powerful anti-apoptotic
compound, high generation of which plays an
important role in the synthesis and deposition of
collagen, which contributes to the formation of
adhesions (Adamyan et al., 2016; Guidice, 2010).

An almost 2-fold increased TNF-a level
enhances the induction of phospholipase A2
(FLAZ2), which is involved in the triggering of the
arachidonic acid cascade, resulting in the
synthesis of prostaglandins that cause pain
syndrome. According to our study, 68.9% of
patients with EGE suffered periodic pains before
or during menstruation, 8.1% had dyspareunia.
66.0% of patients had dysmenorrhea with
menarche, which was significantly higher than in
the control group (13.6%). TNF-a acts on
proliferating cells by enhancing apoptosis. These
patients had an inflammatory process, since
TNF-a synthesis is observed in stimulated cells,
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suggesting that its high level is the result of
infection, which was found in 78.3% (pelvic
inflammatory diseases) and in 14.4% (sexually
transmitted infections) of patients.

LDL in patients with stages IlI-IV of the
disease at the system level corresponded to
control values. This is provided by an increased
HDL content, which includes the enzyme
paraoxonase, Wwhich protects against LDL
oxidation. This enzyme promotes the breakdown
and elimination of oxidized cholesterol. High
levels of HDL cholesterol (hLDPV) in patients
with external genital endometriosis at all stages
of the disease suppresses inflammation. This
situation follows from the previously identified
inflammatory process in the pancreas, confirmed
by the increased content of proinflammatory
cytokines (TNF-a and IL-1B) in it (Ermolova,
2008). However, it was found that in the
inflammatory process, HDLPs change their
function to pro-inflammatory due to a decrease in
the concentration of the main HDL apolipoprotein
- ApoA. It provides reverse ftransport of
cholesterol to the liver and increases the activity
of paraoxonase. If the detected high level of HDL
in the pancreas increases the anticoagulant
properties of red blood cells - on the one hand,
and on the other hand, it manifests pro-
inflammatory properties on the background of the
inflammatory process, which enhances
inflammation, then a complex metabolic situation
is revealed when it is difficult to determine which
HDL function predominates.

In the pancreas of women with I-Il stages
of EGE, the increased LDL level (p <0.003) was
found comparing to the control data, which may
be the result of compensatory reactions aimed at
increasing the activity of PLA2, LDL structural
unit.

A correlation analysis of the actual
material was carried out in the experiment.
Significant negative correlation between the
content of free cholesterol and metabolites of
nitric oxide (r = -0.8) in the blood serum and
between free cholesterol and the activity of NO
synthase (r = -0.85) is of special interest. The
revealed regularity shows that at the systemic
level there is a dependence of nitric oxide
production and NO-synthase activity on the lipid
spectrum, and in particular, on the level of free
cholesterol in women with EGE |1l stages.

Changes in TNF-a production suggest
that there is a reduced function of this cytokine as
an angiogenesis factor (Guidice, 2010) and cell
proliferation in the pancreas. TNF-a regulatory

capabilities in the pancreas are determined by its
ability to induce apoptosis and produce
antibacterial protective effect. In this case they
are sharply reduced.

Change of metabolic processes at the
systemic level can play a significant role in their
disruption at the local level. First, TGF-B1 high
level as a factor that reduces proliferation is
controlled by the central cerebral structures.
However, modification of the molecular
relationships of lipid metabolism (HDL) with
angiogenic compounds in endothelial cells
increases NO generation, causing an increase in
heterotopies blood supply. It should be pointed
out that a high level of TGF-B1 inhibits NO-
synthase, reducing one of the reactions of NO
formation, i.e. the development of compensatory
processes occurs at the systemic level.

Thus, the metabolic features of the
formation of I-Il stages of EGE in patients at the
systemic level (blood serum) are significantly
increased levels of TGF-B1, HDL and nitric oxide
metabolites. Besides, significant changes in the
content of lipid metabolism products were found
in the pancreas (local level). They were
characterized by a significant increase in
cholesterol, HDL and LDL, which contribute to the
formation of oxidative stress in the abdominal
cavity.

In EGE stages Il — IV a high level of TGF-
B1 is a factor in the development of fibrosis,
which underlies the adhesive process. According
to the data obtained by of N.V. Ermolova (2008),
a high level of this growth factor is due to the
inflammatory process both at the systemic and
local levels.

Nonsteroidal products of the mevalonate
lipid exchange pathway perform prenylation of
small G-proteins (Rho, Rac), which ensure their
integration into membranes and manifestation of
functional activity. Modification of molecular
bonds of lipid metabolism in endothelial cells
increases NO generation, causing an increase in
blood supply to endometrioid formations.

In this study, in women with EGE stages
-1V, different lipid fractions were differentiated in
connection with the existing metabolic
relationship of the mevalonate lipid exchange
pathway and the generation of the main
vasodilator, nitric oxide. In EGE stages llI-IV, an
increase in HDL content at the systemic level
obviously plays a significant role in the state of
lipid metabolism at the local level.
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The increased blood supply to
endometrioid heterotopia is due to the high
content of nitric oxide metabolites in the pancreas
of patients with EGE stages IlI-IV stages. This
compound is a powerful vascular growth factor,
vasodilator, and apoptosis inhibitor (Guidice,
2010). NOx excess is accompanied by oxidative
stress and acts as a mutagenic, carcinogenic,
and antiapoptotic factor (Sonova et al., 2010;
Adamyan et al. ,2016). High NOx generation in
the pancreas, is due to the NO-synthase
pathway, as evidenced by the high activity of this
enzyme. There are few reports on the increased
NO-synthase expression in  endometrioid
heterotopies, which can be explained by the
presence of a functionally defective enzyme form
or the secondary nature of this process
(Kinugasa, 2011; Cayci, 2011; Rogers et al.,
2013).

The revealed very high NO generation in
the peritoneal fluid can play an important role in
the development of hypoxia. Recently, it has
been proved that in the case of excessive NO
production, its interaction with superoxidion (O2-)
is observed with the formation of peroxynitrite
(ONOO-), a powerful oxidizing agent that
modifies hemoglobin and changes its affinity for
oxygen (Zinchuk, 2006). The latter leads to a
decrease in the oxygen-binding properties of
blood, and, consequently, to hypoxia, which leads
to cellular metabolism disorders during
endometriosis foci formation of (Taylor et al.
2002; Lee et al., 2009).

Correlation analysis of the studied
parameters in the blood serum of patients with
EGE stages Ill-IV showed a close positive
relationship between the HDL level and TNF-a
content of (r = 0.60). In this case, a negative
correlation between NO-synthase activity and the
TGF-B1 level (r = -0.33) was found. A significant
negative relationship was in the peritoneal fluid
between HDL and NO (r = -0.75).

There is no doubt that the accompanying
inflammatory process, immunological
dysregulation, apoptosis inhibition, angiogenesis
activation, and oxidative stress in the abdominal
cavity are pathogenetic factors contributing to the
survival and growth of endometrioid heterotopies
(Adamyan, 2016).

Patients from our clinical sample mainly
complained of infertility and / or pain, so we tried
to find an explanation of their origin within the
limits of our studies. We found prevalence of
primary infertility regardless of the EGE stage.
However, in percentage terms, both primary and

secondary infertility prevailed in patients with
EGE stage Il stage (57.1% and 32.1%,
respectively). Apparently, both ovarian factors
and the adhesion process in the abdominal
cavity, characterized in our conditions by the
involvement of the peritoneum of the sub-ovarian
fossa and cul-de-sac, which may interfere with
fertilization. The decrease in the ovarian reserve
was due to the existing formation of endometrioid
ovarian cysts from 3 to 10 cm, marked high TGF-
B1content, influencing arginase and,
subsequently, enhancing the synthesis of proline,
the main substrate of the connective tissue. On
the other hand, it is not possible ignore in this
connection (with TGFB1) the importance of high
nitric oxide generation due to nitrite reductase
synthesis in the absence of NO-synthase activity
changes, which also contributed to the formation
of adhesions. In this metabolic situation,
significantly high HDL levels both in blood serum
and peritoneal fluid should be taken into
consideration, since they contribute to high
generation of nitric oxide metabolites and the
formation of oxidative stress.

The pain syndrome in our patients was
probably due to the significant production of
prostaglandins, which, on the one hand, were
stimulated by high TNF-a content, which
activates phospholipase A2 (a structural unit of
LDL). On the other hand, the high generation of
nitric oxide metabolites, changing the metabolism
of arachidonic acid, acts on cycloosigenase and
thereby stimulates the formation of
prostaglandins.

The revealed changes in the relationship
of the lipid spectrum, growth factors, and
angiogenic compounds are the theoretical basis
for additional therapeutic measures aimed at
normalizing metabolic processes in OGE.

4. CONCLUSION

In patients with EGE stages I-Il a high
content of TGF-B1, HDL and nitric oxide
metabolites was found in the blood serum
(systemic level). Modification of metabolic
processes at the systemic level plays a significant
role in disrupting them locally (peritoneal cavity).
A change in the molecular interactions of lipid
metabolism (HDL) and angiogenic compounds in
endothelial cells increases nitric oxide generation,
which enhances blood supply to heterotopies.

Compensatory processes develop at the
system level, in the form of a nitrite reductase
pathway for the synthesis of nitric oxide, since a
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high level of TGF-B1 inhibits NO-synthase.
Adaptive reactions in the peritoneal cavity,
contributing to a decrease in proliferation and
inflammation, are caused by an increase in free
cholesterol, LDL and HDL.

In patients with EGE stages llI-IV there is
relationship between HDL and TNF-a at the
systemic level, which has anti-inflammatory
properties. In the pancreas of patients of this
group the parameters of TGF-B1, nitric oxide
metabolites and NO-synthase are significantly
increased, which indicates NO-synthase pathway
for the synthesis of nitric oxide.

The change in the relationship of the lipid
spectrum, nitric oxide metabolites and cytokines
is the theoretical basis for additional therapeutic
measures aimed at normalizing metabolic
processes in EGE.
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Table 1. Parameters Indicators of cell metabolism regulators in patients with EGE
(blood serum).

Parameter EGE stage Control P
I-Il EGE stage
12936.0 9332.0
TGF-1 (pg/ml) [7650.0- [4736.0- 0.004
28050.0] 21100.0]
1.25 1.10
HDL (mmol/l) 0.013
[0.77-2.20] [0.56-1.80]
16.50 2.39
NOx (mmol/l) 0.041
[0.80-61.50] [0.10-62.50]
llI-IV EGE stage
TNF-a 15.56 8.04
0.014
(pg/ml) [4.70-64.00] [0.40-23.60]
1.25 1.10
TGF (mmol/l) 0.006
[0.91-2.30] [0.56-1.80]
32.00 2.39
NOx (mmol/l) 0.001
[0.48-56.00] [0.10-62.50]

Note: Results are presented as median and interquartile interval.

p - significance of differences compared with the control group.

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

823



Table 2. Parameters of cell metabolism regulators in patients with EGE (peritoneal

fluid)
Parameter EGE stage Control P
I-Il EGE staged
Cholesterol 2.0 1.39 0.008
(mmol/l) [1.07 -3.09] [1.21-1.81] ’
0.78 0.45
HDL (mmol/l) 0.004
[0.34-1.17] [0.33-0.59]
0.77 0.48
LDL (mmol/) 0.003
[0.0-1.21] [0.01-0.70]
llI-lV EGE stage
TNF-a 8.30 12.59
0.050
(pg/ml) [0.02-29.86] [4.0-31.20]
TGF-1p 2480.0 1425.40
(pg/ml) [1513.60- [1011.0- 0.001
P9 5720.0] 2200.40]
24,00 7.25
NOx (mcmol/l) 0.039
[7.52-65.00] [0.14-64.50]
(mcmol/l) [28.60-67.40] [0.79-57.60] ’

Note: results are presented as median and interquartile interval.

p - significance of differences compared with the control group.
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