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Abstract. Aseptic inflammation as the essential link in the pathogenesis of endometrioid disease. Orlova Yu.A.,
Hromova A.M., Ketova O.M., Liakhovska T.Yu., Martynenko V.B., Krutikova E.1. The paper was aimed at deter-
mination of the quantitative activity of iINOS and Argl, as well as M1 and M2 phenotype macrophages in women with
endometrioid disease to establish their role in the pathogenesis of endometriosis. A prospective study was performed in
gynecological units of the medical facilities of Poltava city. 140 women of reproductive age who made up the main group
(110 women with endometrioid disease) and the control group (30 women without endometrioid disease) voluntarily
participated in the study. All women underwent planned surgical treatment for existing gynecological pathology. Before
surgical treatment, women were examined in accordance with the current Orders of the Ministry of Health of Ukraine.
The spectrophotometric method was used to determine the enzymatic markers of macrophages (in the endometrium and
peritoneal fluid) polarized into MI1(INOS) and M2 (Argl) phenotypes. The type of macrophages was determined
individually in each patient according to the ratios: in iINOS>Argl, the M1 macrophage type prevailed, in ArgI>iNOS,
the M2 macrophage type prevailed. When examining endometrial samplings in women from the main group, the iNOS
indicator was by 1.4 times higher compared to women from the control group. The obtained results at the stage of entry
into the abdominal cavity showed that mostly women from the main group suffered from the pelvic adhesion, especially
stage 3 and stage 4. Among the obtained results, the increased quantitative activity in the peritoneal fluid of both iNOS
and Argl in women of the main group was significant compared to the control group. When comparing the stages of
endometrioid disease to the rates of quantitative activity of macrophage enzyme markers (in peritoneal fluid), it was found
that the increase in the stage of the disease (from stage 3 to stage 4) caused an increase in the quantitative activity of
Argl by 1.9 times and a decrease in the quantitative activity of iNOS by 2.9 times. Therefore, the planning of surgical
intervention for women with endometrioid disease should consider a significant percentage of the pelvic adhesive disease,
especially at the severe stages. Initiation of the chronic aseptic inflammatory process in endometrioid disease is caused
by an increased quantitative activity of iNOS in the endometrium. In the pathogenesis of endometrioid disease, the
presence of M2 phenotype macrophages in the peritoneal fluid is important, while the switching of macrophage
phenotypes from a pro-inflammatory subpopulation to an anti-inflammatory one is crucial.

Pedepart. AcenTuuHe 3anajieHHsl K KJIKO4Y0Ba JaHKa B NaToreHesi enaoMerpioinHoi xsopoou. OpJiosa 10.A.,
I'pomoBa A.M., KeroBa O.M., JIaxosceka T.FO., Maptunenko B.b., KpytikoBa E.I. Memorw yici pobomu 6yno
susHauenHs KinokicHoi akmuenocmi iNOS i Argl ma maxpogacie ghenomunie M1, M2 y scinok 3 en0omempioioHowO
X80p0bO0oI0 0151 86CMAHOBNIeHHS iXHbOI poni 6 namozenesi eHOomempiosy. IlpocnexkmugsHe O0O0CHIONCEHHS SUKOHAHO 8
2IHeKONI02iUHUX 8I00iNEeHHAX NIiKy8anvHux ycmauoe micma Ilonmasu. J{obpogineHy yuacme y OOCTIONHCEHHI 635U
140 scinox  penpooykmugnoeo 6iky, Aki ckaamu ocHosHy epyny (110 scinoxk 3 enoomempioioHolo x80poboro) ma
kompoasry epyny (30 ocinox 6e3 endomempioionoi xeopobu). Ycim scinkam 6yno npogederne 3aniaHo8ane Xipypeiune
JUKY8AHHS W00 HAAGHOI 2ineKonociunol namonozii. Kinku neped onepamusHum JiKyeanHm 0y1u 06cmedxceHi 32i0HO 3
yunnumu Hakazamu MO3 Vrpainu. [{is usHauerHs eH3UMHUX MapKepie Makpoazis (6 endomempii ma nepumoHeanibHitl
piouni), nonspuzosanux y M1(iNOS) ma M2 (Argl) ¢penomunu, suxopucmo8ysascsi cnekmpopomomempuyHuil Memoo.
Tun maxpoghazie uzHaueruil IHOUBIOYANbHO 8 KOJICHOL nayieHmKu 3a cniegionoutenusamu: npu INOS>Argl — npesantosas
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KJIIHIYHA MEJIMITHHA

mun makpogacie M1, npu Argl>iNOS — npesantosas mun maxpogacie M2. Ilpu docniodicenni 3paskie eHOOMempis 6
JICIHOK 3 OCHO6HOI epynu nokasznuk INOS 6ye 6 1,4 pasza 6invuutl, Hidc Y HCIHOK KOHMpPOabHOL epynu. Ompumari
pe3yiomamu Ha emani 6X00NCEeHHsL 8 YepesH)y NOPONCHUHY NOKA3AIU, WO JICIHKU 3 OCHOBHOI epynu 6 3HAYHO OLnbil
KiIbKOCMI Cmpasicoanu Ha 31yKOGull npoyec opeawie manozo masa, ocobaueo 3 ma 4 cmaoit. Ceped ompumanux
pe3yibmamis 8a2omor 6yna il 30i1bulena KitbKICHA aKmueHiCmy 6 nepumoreanvuii piouni sk iNOS, mak i Argl y ocinox
OCHOBHOI 2pynu NOPIBHAHO 3 KOHMpoavbHot. Ilpu nopisHanni cmadii enoomempioiOHOi X60pobu 3 NOKA3HUKAMU
KIMbKICHUX AKMUBHOCMell eH3UMHUX MapKepie maxpogazie (y nepumoneanvbHiti piouHi) 0yi0 6usAeleHo, wo 3 nio-
suuenHaAM cmadii xeopobu (3 3 0o 4 cmaoii) sunuKae 3pocmanns KinvkicHoi akmuernocmi Argl 6 1,9 paza ma smenuienus
kinvkicnoi akmusnocmi iNOS'y 2,9 pasza. Omoice, niany8anHs onepamuerHo20 8MpPYYants 8 HCIHOK 3 eHOOMempioiOHO0
X80p00O0I0 MAE 8PAX0BYBAMU 3HAUHUL 8I0COMOK 3YKOB020 NPOYECY OP2aHi8 MAl020 Masd, 0COONUBO MANCKUX CMAOIl.
Iniyiayia xpouiuno2o acenmuuHo20 3aNANLHO20 Npoyecy HpU eHOOMempioiOHill X60pobi 3yMO8IeHa NiOBUUEHOI0
Kinokicnow axmusnicmio iNOS 6 endomempii. Y namocenesi en0omempioioHOl X60pobu 8adNCIUB0I0 € He MIIbKU
HaseHicmb makpogaczie pernomuny M2 6 nepumoneanvhitl piouni, a OLIbW 8aANCIUBUM € PAKM NEPEKTIOHEHHS (DeHOMUNIE

Maxkpogazis 3 npo3anaieHoi cyononyiayii Ha npomu3andaivHy.

Currently, endometrioid disease (ED), as one of
the most common gynecological pathologies world-
wide (10% of women are affected according to the
WHO), is of great medical and social concern [1].

The targeted management of women with the above
disease is complicated not only by the chronic severe
course of ED but also by the lack of a complete picture
of the pathogenesis of the disease [2, 3, 4, 5, 6].

The scientific community in the 21% century is
actively discussing the theories of the development of
ED, and it has been stated that ED is a disease with a
chronic inflammatory course and the direct invol-
vement of macrophages of various subpopulations
[7]. The local aseptic inflammatory process that
occurs in the abdominal cavity of women during
menstruation, which enters there retrogradely (nor-
mally accompanies up to 90% of healthy women),
occurs due to the migration of macrophages during
the specified physiological process [8].

Therefore, nowadays, many studies are aimed at
establishing the dominant phenotype of macrophages in
this pathology. Currently, the leading statement is that
macrophages of the M2 subpopulation as anti-inflam-
matory and immunoregulatory macrophages prevail
over the M1 subpopulation of macrophages, which in
turn have a pro-inflammatory function. On the other
hand, the role of M1 polarized macrophages as an
important link in the pathogenesis of ED cannot be
ignored [9, 10].

Enzyme markers of polarized M1 macrophages
are inducible NO synthase (iNOS), whereas argi-
nase 1 (Argl) is the enzyme marker of polarized M2
macrophages [11].

iNOS is an essential enzyme in the fertility
potential of women [12] and arginase contributes to
the maintenance of homeostasis during pregnancy by
controlling soluble vascular endothelial growth factor
receptor 1 (sF1t1) [13].

Therefore, in order to clarify the pathogenesis and
further opportunities for diagnosis and treatment, it is
important to determine both the enzyme markers of
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macrophages and the direct participation of macro-
phages themselves.

Purpose — to quantify iNOS and Argl activity and
M1 and M2 phenotype macrophages in women with
ED to establish their role in the pathogenesis of
endometriosis.

MATERIALS AND METHODS OF RESEARCH

The studies have been carried out in the gyne-
cological units of Poltava city hospitals: Communal
Enterprise (CE) “5th City Clinical Hospital” of the
Poltava City Council (PCC), CE “Poltava City Cli-
nical Maternity Hospital” of the PCC, CE “Poltava
Central District Clinical Hospital” of the PCC and the
Department of Pathophysiology of Poltava State
Medical University in the period from 2018 to 2022.

All studies were approved by the commission on
biomedical ethics of the Ukrainian Medical Stomato-
logical Academy (minutes No. 174 as of May 28,
2019) and were conducted in accordance with the
informed consents obtained from the participants of
the study and in accordance with the principles of
bioethics set forth in the Helsinki Declaration
“Ethical Principles of Medical Research Involving
Human Subjects” and “General Declaration on
Bioethics and Human Rights (UNESCO)”.

The women included in the study, a total of
140 people, have been assigned into two groups: the
main group (MG) included women with genital endo-
metriosis (n=110), the diagnosis and the stage of the
disease were made based on the “Unified clinical
protocol of the primary, secondary (specialized) and
tertiary (highly specialized) levels of medical care
“Tactics of management of patients with genital en-
dometriosis”) approved by the Order of the Ministry
of Health of Ukraine No. 319 as of April 6 2016 [14]
and confirmed by the results of pathomorphological
examination [15]. The control group (CG) included
women without genital endometriosis (n=30).

The inclusion criteria for the subjects to parti-
cipate in the study were age (reproductive), benign
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ovarian and/or fallopian tube neoplasms, infertility,
detected and confirmed during ultrasound and
laparoscopic (laparotomy) imaging.

Exclusion criteria were a woman’s refusal to
participate in the study, uterine and ectopic preg-
nancy, malignant neoplasms of various localization,
abnormalities in the development of organs of the
reproductive system.

Women from the described groups were examined
and underwent surgery for benign pathology of the
ovaries and/or fallopian tubes.

To determine the activities of marker enzymes of
macrophages of different phenotypes, after preli-
minary bacterioscopic and culture testing of
discharges from the vagina and cervical canal (in the
absence of signs of a local inflammatory process),
endometrium was sampled from the women of the
comparison groups (MG: n=24; CG: n=27) and
peritoneal fluid (PF) during surgical treatment (MG:
n=24; CG: n=28).

The endometrium was sampled in the first phase
of the menstrual cycle using a Pipelle catheter [16].
PF collection (during surgery) in the amount of 5 ml
to 15 ml was performed with a sterile catheter and
syringe.

Spectrophotometry method (Ulab 101 Spectro-
photometer, Germaine Laboratories, Inc.) was used to
determine the activity of marker enzymes of
macrophages (iNOS, Argl) in the endometrium
and/or PF in each subject separately. In the individual
assessment of the ratio of marker enzymes of
macrophages, the pro-inflammatory phenotype of
macrophages (M1) was determined if the activity of
marker enzymes in each individual investigated
substrate was equal to iNOS>Argl. Macrophage po-
larization according to the anti-inflammatory type
(M2) was determined in Arg1>iNOS, respectively.

The study of iNOS activity was carried out by
calculating the difference between the total activity of
NO-synthases and the activity of constitutive iso-
forms, the latter, in turn, was measured by the
difference in nitrite concentration before and after
incubation of tissue homogenate in the incubation
medium based on a Tris-buffered saline (pH=7.4),
containing 0.3 ml of 320 mM solution of L-arginine
(which is a donor of NO-synthase [17]), 0.1 ml of
1 mM solution of NADP; and 0.1 ml of 1% amino-
guanidine hydrochloride solution [18].

To determine the concentration of nitrites, diazo
compounds formed during the reaction with sulfanilic
acid followed by the reaction with a-naphthylamine
(Griess-Ilosvay’s reagent) were measured. This led to
the formation of a red derivative (the azo dyes). The
concentration of nitrites corresponded to the intensity
of staining [19].
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The activity of Argl was determined by the
difference in concentrations of L-ornithine before and
after incubation in a phosphate buffer saline con-
taining L-arginine. In the reaction with the Chinard
reagent in Khramov’s modification, the concentration
of L-ornithine was determined due to the formed
stained product [20].

Statistical processing of the resulting data was
carried out using the MedStat software (serial
No. MS00019). We used the methods of descriptive
statistics. Checking for the normality of the data
distribution was carried out using the Shapiro-Wilk
and Kolmogorov-Smirnov tests. In the case of
quantitative data of the normal distribution, data
presentation was used as means (M) and their
standard deviations (SD), in the cases when the data
followed non-normal distribution they were pre-
sented as medians (Me) and 25% and 75% percentiles
(Q1; Q3). Qualitative data of research results were
presented as frequencies and their percentage ratios.

The differences between the obtained rates were
considered statistically significant at p<(0.05 and were
determined by parametric and non-parametric me-
thods depending on the results of testing the data for
normality (Mann—Whitney U test, Student’s t-test,
Pearson’s chi-squared test (if necessary, with Yates’s
correction), Fisher’s exact test (FET) (calculated if
one or more values in the 2*2 conjugation table were
less than 5). If necessary, confidence intervals were
determined [21].

RESULTS AND DISCUSSION

Prior to the scheduled surgical intervention and
the obtained informed consents, endometrial sam-
plings (n=24; n=27) were made in women of MG and
CG respectively, without local inflammatory process
verified both clinically and laboratory.

When calculating the quantitative activity of mar-
ker enzymes of macrophages M1 (iNOS) and M2
(Argl) in the endometrium of women of the studied
groups, a probable difference was established only
among the rates of the quantitative activity of iNOS,
which was higher in MG compared to CG (1.18
(0.716; 2.445) against 0.844 (0.51; 1.38), Mann—Whi-
tney U test=217; p=0.04).

The comparison of the stages of ED and the
quantitative activity of marker enzymes in women of
MG showed no significant difference, which was
established during surgery and confirmed by the
pathomorphological study.

The women of both MG and CG groups were
admitted to the gynecological units at Poltava hos-
pitals for scheduled surgical treatment. 101 (91.8%)
women underwent laparoscopy, and 9 (8.2%) women
underwent laparotomy (lower median laparotomy).
All women of CG (100%) underwent laparoscopy.
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Assessment of the abdominal organs during surgery
was carried out according to general principles. Special
attention was paid to the presence/absence of the pelvic
adhesive disease (PAD) and its stage, endometrioid
heterotopias (Ehs) (if present), its size, localization,
distribution and number were evaluated.

During the surgical intervention, the visual asses-
sment of pelvic adhesion (the final determination and
measuring of PAD stage was performed on the basis

of the American Society for Reproductive Medicine
score classification [22]) revealed significant pre-
valence of PAD in women of MG (n=87 (79 %)) by
1.7 times compared to women of CG (n=14 (46,7%))
(x*=10,77; p=0,001).

A comparative assessment of PAD stage among
women of both groups showed stage 3 and stage 4
PAD in women of MG compared to controls
(Table 1).

Table 1

Pelvic adhesion disease in women of comparison groups, abs.v. (%)

Differences between the

PAD stage CG (n=30=100%) MG (n=110=100%) groups, o (p)* / FET (p)*
1 8 (26.7%) 12 (10.9%) 3.58 (0.06)
2 6 (20%) 16 (14.5%) 0.2 (0.65)
3 - 21 (19.1%) 0.007 (0.04)

4 -

38 (34.5%) 0.00003 (p<0.001)

Note. * — the differences were considered significant at p<0.05 between the indicators of women in the main group and the control group.

Thus, the resulting data on the predominance of
PAD in women of MG by 1.7 times can be explained
by the fact that the pelvic adhesion occurs due to EHs
in the PF, which, depending on the phase of the men-
strual cycle, can bleed, thus creating the conditions
for the formation of an inflammatory process, which
is present in ED [23, 24].

During surgery, a visual assessment of the ED
women of the main group showed that stage 3 and
stage 4 of ED prevailed.

Importantly, EHs were not visualized in the abdo-
minal cavity in 11 (10%) women of the MG; ho-
wever, ovarian tumor-like masses were noted and ED
was histologically verified. The severity of ED in the
women was determined after the results of
histological study.

In the main group, stage 1, stage 2, stage 3 and
stage 4 ED was detected in 6 (5.4%), 2 (1.8%), 53
(48.2%) and 49 (44.6%) women, respectively.

During the surgical intervention, PF samplings were
made to count the marker enzymes of macrophages
(iNOS and Argl) in the MG (n=24) and CG (n=28).

It has been established that the quantitative
activity of iNOS in PF prevailed by 1.7 times in
women of MG, the same parameter in women of CG
was (0.826+0.683 umol/min/1 g of protein (95%
CI0.538-1.115) vs. 0.477+0.235 umol/min /1 g of
protein (95% CI 0.386 — 0.569) respectively; p=0.02).
Argl in the PF of women of MG was also signi-
ficantly increased compared to the values of women
from CG (0.511 (0.434; 0.817) umol/min/1 g of pro-
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tein versus 0.293 (0.243; 0.672), respectively; Mann—
Whitney U test=226, p=0.04).

In our previous study, calculation of the marker
enzymes of macrophages of M1 and M2 phenotypes
in PF established that in the pathogenesis of ED, the
leading role was assigned to M2 phenotype macro-
phages. It has been confirmed that in PF the pola-
rization of macrophages according to the M2 phe-
notype was by 2 times higher in MG women com-
pared to controls (y*=4,59; p=0,03). However, it was
notable, that the number of MG women in whom M1
type of macrophage polarization and M2 type of
macrophage polarization were determined using their
marker enzymes in PF was almost the same (41.7%
and 58.3%, respectively) [10]. This fact led us to the
idea of correlation the stages of ED with the rates of
marker enzymes of macrophages of M1 and M2
phenotypes in PF. Table 2 shows the results of the
correlation of the rates of women of the MG.

Noteworthy, one woman (4.2%) of the MG out of
the rest subjects (n=24=100%) had stage 1 ED,
therefore, the rates of quantitative activity of marker
enzymes were not taken into account (statistically
small number of samples).

Table clearly showed significant decrease in the
quantitative activity of the marker enzyme of macro-
phages of the M1 phenotype in PF of women of the
MG with deterioration of the stage of ED, namely,
iNOS in the PF was by 2.9 times lower in stage 4 ED
compared to the stage 3 ED.
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Table 2

The ratio of the quantitative activities of the marker enzymes of macrophages M1 (iNOS)
and M2 (Argl) in the peritoneal fluid of women with endometrioid disease to its stage,

(Me (Q1; Q3))

The rates of quantitative

activity of marker enzymes Reliability,

Women with stage 3 Women with stage 4

of macrophages

endometrioid disease (n=17)

endometrioid disease (n=6)

Mann-Whitney U test (p)

iNOS
pmol/min/1 g of protein

0.859
(0.340; 1.546)

0.453
(0.346; 0.571)

Argl
pmol/min/1 g of protein

0.297 )
(0.208; 0.347) U=21 (0.02)
oo U=24 (0.03)

(0.766; 0.979)

Note. * — the differences were considered significant at p<0.05 between the indicators of women of the main group with different stages of endometrioid

disease.

With the marker enzyme of M2 macrophages,
namely Argl, the opposite pattern occurs, that is, a
significant increase in the quantitative activity of this
enzyme by 1.9 times is noted in PF with progression
from stage 3 to stage 4 ED.

We hypothesize that significant increase in the
quantitative activity of the macrophage marker enzy-
me iNOS in the endometrium of women with ED by
1.4 times, as compared to women of CG, is the
manifestation of the existing aseptic inflammation of
endometrial cells in endometriosis. The findings of
our study do not contradict the data from the available
scientific literature. It is believed that this enzyme
increases in people with a wide variety of non-
infectious diseases with underlying inflammation,
such as chronic diseases of the heart, skin, lungs,
kidneys, etc. [25]. Another very important aspect is
the fact that ED due to the similarity of some
pathogenetic processes (including the ability to
proliferate and avoid apoptosis) can be considered,
according to the up-to-date data, as one of the types
of oncology [26], and it is currently known that in
female oncological diseases of the reproductive
system, an increase in iNOS is also noted [27].

We grounded not only on the theory of the
underlying ED inflammation, but also the implan-
tation theory, which is based on the effect of retro-
grade blood flow on the pathogenesis of ED [1].
However, taking into account that according to the
latest data, up to 90% of women have a physiological
reverse flow of menstruation to abdominal cavity [8],
we hypothesize that aseptically endometrial inflamed
cells migrate to the abdominal cavity with retrograde
blood flow, where a local aseptic inflammatory
process develops.

Noteworthy, we detected a 1.7-fold increase in the
quantitative activity of iNOS even in PF. Notwith-
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standing the confirmed fact of the influence of M2
macrophages on the pathogenesis of ED [10], we
have found that inflammation in endometriosis begins
with the switching of polarization from the pro-
inflammatory phenotype of M1 macrophages to the
anti-inflammatory phenotype of M2 macrophages in
more severe stages of ED.

CONCLUSIONS

1. Planning of surgical intervention for women
with endometrioid disease should consider a signi-
ficant percentage of the pelvic adhesion, especially at
the severe stages.

2. Initiation of the chronic aseptic inflammatory
process in endometrioid disease is caused by an in-
creased amount of iNOS in the endometrium.

3. Inthe pathogenesis of endometrioid disease, the
presence of M2 phenotype macrophages in the peri-
toneal fluid is important, while the switching of
macrophage phenotypes from a pro-inflammatory
subpopulation to an anti-inflammatory one is crucial.

Contributors:

Orlova Yu.A. — conceptualization, writing — origi-
nal draft, writing — review and editing, formal ana-
lysis, investigation);

Hromova A.M. — project administration, supervi-
sion, validation;

Ketova O.M. — data curation, visualization;

Liakhovska T.Yu. — methodology;

Martynenko V.B. — investigation, resources;

Krutikova E.I. — writing — review and editing, fun-
ding acquisition.

Funding. This research received no external
funding.

Conflict of interests. The authors declare no con-
flict of interest.

59



KJIIHIYHA MEJIMITHHA

REFERENCES

1. Zondervan KT, Becker CM, Missmer SA. Endo-
metriosis. N Engl J Med. 2020 Mar 26;382(13):1244-56.
doi: https://doi.org/10.1056/NEJMral810764

2. de Freitas Fonseca M, Aragao LC, Sessa FV, Dut-
ra de Resende JA Jr, Crispi CP. Interrelationships among
endometriosis-related pain symptoms and their effects on
health-related quality of life: a sectional observational
study. Obstet Gynecol Sci. 2018 Sep;61(5):605-14.
doi: https://doi.org/10.5468/0gs.2018.61.5.605

3. Hwang H, Chung YJ, Lee SR, Park HT, SongJY,
Kim H, et al. Clinical evaluation and management of endo-
metriosis: guideline for Korean patients from Korean Society
of Endometriosis. Obstet Gynecol Sci. 2018 Sep;61(5):553-
64. doi: https://doi.org/10.5468/0gs.2018.61.5.553

4. Abd El-Kader AI, Gonied AS, Lotfy Moha-
med M, Lotfy Mohamed S. Impact of endometriosis—rela-
ted adhesions on quality of life among infertile women. Int
J Fertil Steril. 2019 Apr;13(1):72-6.
doi: https://doi.org/10.22074/ijfs.2019.5572

5. Mehdizadeh Kashi A, Moradi Y, Chaichian S,
Najmi Z, Mansori K, Salehin F, et al. Application of the
World Health Organization Quality of life instrument,
short form (WHOQOL-BREF) to patients with endo-
metriosis. Obstet Gynecol Sci. 2018 Sep;61(5):598-604.
doi: https://doi.org/10.5468/0gs.2018.61.5.598

6. Likhachov VK, Shymanska YV, Savelieva YS,
Vashchenko VL, Dobrovolska LM. Changes of psycho-
emotional state in the infertile pregnant females due to the
anamnesis and IVF. Wiad Lek. 2019;72(4):562-7.
doi: https://doi.org/10.36740/WLek201904111

7. Vallvé—Juanico J, Houshdaran S, Giudice LC. The
endometrial immune environment of women with endo-
metriosis. Human Reproduction Update. 2019; 25(5):565-
92. doi: https://doi.org/10.1093/humupd/dmz018

8. Korchynska OO, Mashtepa AM, Voloshyna UV,
Petrenko TG. [Endometriosis as one of contemporary
problems in gynecology and obstetrics (analytical survey
of scientific literature)]. Ukraina. Zdorovia natsii.
2015;2:104-15. Ukrainian.

9. Ramirez-Pavez TN, Martinez-Esparza M, Ruiz-
Alcaraz AJ, Marin-Sanchez P, Machado-Linde F, Garcia-
Peiarrubia P. The Role of Peritoneal Macrophages in
Endometriosis. Int J Mol Sci. 2021 Oct 6;22(19):10792.
doi: https://doi.org/10.3390/ijms221910792

10. Orlova YuA, Hromova AM, Akimov OYe, Keto-
va OM. [The role of the macrophage polarization type in
the pathogenesis of endometrioid disease]. Zaporozhskyi
medytsynskyi zhurnal. 2021;23(5):644-50. Ukrainian.
doi: https://doi.org/10.14739/2310-1210.2021.5.233689

11. de Campos GY, Oliveira RA, Oliveira-Brito PK,
Roque-Barreira MC, da Silva TA. Pro-inflammatory res-
ponse ensured by LPS and Pam3CSK4 in RAW 264.7 cells
did not improve a fungistatic effect on Cryptococcus
gattii infection. Peer J. 2020 Nov 25;8:¢10295.
doi: https://doi.org/10.7717/peerj.10295

12. Kumar S, Gupta E, Gupta N, Kaushik S, Srivas-
tava VK, Kumar S, et al. Functional role of iNOS-Rac2
interaction in neutrophil extracellular traps (NETSs)

60

induced cytotoxicity in sepsis. Clin Chim Acta.
2021 Feb;513:43-9.
doi: https://doi.org/10.1016/j.cca.2020.12.004

13. Tanaka H, Kumasawa K, Kakigano A, Mimura K,
Endo M, Tomimatsu T, et al. Arginase controls soluble
vascular endothelial growth factor receptor 1 (sFItl) to
maintain pregnancy homeostasis. Biochem Biophys Res
Commun. 2018 May 5;499(2):150-5.
doi: https://doi.org/10.1016/j.bbrc.2018.03.086

14. [On the approval and implementation of medical and
technological documents on the standardization of medical
care for genital endometriosis. Order of the Ministry of Health
of Ukraine dated 2016 Apr 06 No. 319] [Internet]. 2016 [cited
2023 Apr 21]. Ukrainian. Available from:
https://www.dec.gov.ua/mtd/genitalnyj-endometrioz/

15. Becker CM, Bokor A, Heikinheimo O, Horne A,
Jansen F, Kiesel L, et al. ESHRE guideline: endometriosis.
Hum Reprod Open. 2022 Feb 26;2022(2):hoac009.
doi: https://doi.org/10.1093/hropen/hoac009

16. Yadav G, Rao M, Gothwal M, Singh P, Kathuria P,
Sharma PP. Detection of nerve fibers in the eutopic
endometrium of women with endometriosis, uterine fibroids
and adenomyosis. Obstet Gynecol Sci. 2021 Sep;64(5):454-
61. doi: https://doi.org/10.5468/0gs.21114

17. Skrypnyk I, Maslova G, Lymanets T, Gusachen-
ko I. L-arginine is an effective medication for prevention
of endothelial dysfunction, a predictor of anthracycline
cardiotoxicity in patients with acute leukemia. Exp Oncol.
2017 Dec;39(4):308-11. doi: https://doi.org/10.31768/2312-
8852.2017.39(4):308-311

18. Yelins’ka AM, Akimov OYe, Kostenko VO. Role
of AP-1 transcriptional factor in development of oxidative
and nitrosative stress in periodontal tissues during systemic
inflammatory response. The Ukrainian Biochemical
Journal. 2019;91(1):80-5.
doi: https://doi.org/10.15407/ubj91.01.080

19. Akimov OYe, Kostenko VO. Role of NF-«B trans-
criptional factor activation during chronic fluoride
intoxication in development of oxidative-nitrosative stress
in rat’s gastric mucosa. Journal of Trace Elements in
Medicine and Biology. 2020;61:126535.
doi: https://doi.org/10.1016/j.jtemb.2020.126535

20. Akimov OYe, Kostenko VO. Functioning of
nitric oxide cycle in gastric mucosa of rats under
excessive combined intake of sodium nitrate and fluoride.
The Ukrainian Biochemical Journal. 2016;88(6):70-5.
doi: https://doi.org/10.15407/ubj88.06.070

21. Antomonov MYu. [Mathematical processing and
analysis of biomedical data]. Kyiv: Medinform; 2018.
579 p. Russian.

22. The American Fertility Society classifications of
adnexal adhesions, distal tubal occlusion, tubal occlusion
secondary to tubal ligation, tubal pregnancies, 201 mul-
lerian anomalies and intrauterine adhesions. Fertil
Steril. 1988 Jun;49(6):944-55.
doi: https://doi.org/10.1016/S0015-0282(16)59942-7

23. Burns KA, Thomas SY, Hamilton KJ, Young SL,
Cook DN, Korach KS. Early Endometriosis in Females Is

Ha ymoeax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

Directed by Immune-Mediated Estrogen Receptor o and
IL-6 Cross-Talk. Endocrinology. 2018 Jan 1;159(1):103-
18. doi: https://doi.org/10.1210/en.2017-00562
24. Tanbo T, Fedorcsak P. Endometriosis-associated
infertility: aspects of pathophysiological mechanisms and
treatment options. Acta Obstet Gynecol Scand. 2017
Jun;96(6):659-67. doi: https://doi.org/10.1111/a0gs.13082
25. Suschek CV, Schnorr O, Kolb-Bachofen V. The
role of iNOS in chronic inflammatory processes in vivo: is
it damage-promoting, protective, or active at all? Curr Mol
Med. 2004 Nov;4(7):763-75.
doi: https://doi.org/10.2174/1566524043359908

23/ Tom XXVIIl/ 3

26. Kvaskoff M, Mahamat-Saleh Y, Farland LV, Shi-
gesi N, Terry KL, Harris HR, et al. Endometriosis and can-
cer: a systematic review and meta-analysis. Hum Reprod
Update. 2021 Feb 19;27(2):393-420.
doi: https://doi.org/10.1093/humupd/dmaa045

27. Kielbik M, Szulc-Kielbik I, Klink M. The Poten-
tial Role of iNOS in Ovarian Cancer Progression and
Chemoresistance. Int J Mol Sci. 2019 Apr 9;20(7):1751.
doi: https://doi.org/10.3390/ijms20071751

CratTs HaAifIa 10 peaaKiii
06.04.2023

61



