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ABSTRACT

Introduction: Pelvic venous insufficiency (PVI) presents a significant clinical challenge due to its
high prevalence, severity of clinical manifestations, and risk of resulting reproductive disorders. Data
suggests that PVI progression in women is accompanied by nonspecific reaction changes. The aim
of this study was to evaluate lipid peroxidation reaction activity and antioxidant defense mech-
anisms in ovarian venous blood in patients with various stages of PVI. Methods: A total of 137
women of reproductive age with diagnosed PVI were separated into 3 subgroups (disease stages |,
I, and Il). The control group consisted of 30 women with overall good health. Blood sampling was
performed in both groups of patients from the right and left pelvic ovarian veins. Spectrophotom-
etry, spectrofluorometry, and enzyme immunoassays were used for investigation, and statistical
analysis performed. Results: Patients with PVI stage | had higher levels of CDs and TBARs, as well
as increased SOD, catalase, and GPO activity in both ovarian veins, compared to the control group.
Patients with PVI stage Il had higher LH, CDs, and TBARs, and reduced GSH in both ovarian veins
compared to the control group. PVl stage Il in the right and left ovarian veins was characterized by
high levels of LH, CDs, and TBARs, and GSH deficiency (7 and 8.29 times lower, respectively) com-
pared to the control group. There were no significant differences in these parameters between
the right and left ovarian veins. Conclusion: Lipid peroxidation reaction activity and levels of an-
tioxidant defense components in the right and left ovarian veins of patients with PVI demonstrate
similar patterns across all stages of PVI. The imbalance between lipid peroxidation activity and an-
tioxidant defense systems increases with disease progression from stage | to lll. Monitoring changes
in the LPO-AOD system in patients with PVl is an important component of preventive measures in
the early stages of the disease, and could be used as pathogenetic treatment to limit disease pro-
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INTRODUCTION

Pelvic venous insufficiency (PVI) presents a signifi-
cant clinical challenge due to its high prevalence, the
severity of its clinical manifestations (including ve-
nous congestion, which results in chronic pelvic pain
syndrome), the high risk of resulting reproductive dis-
orders (in 15 — 25% of patients), and the lack of
treatment for persistent clinical effects>2. Age and
hereditary predisposition, combined with other fac-
tors, are considered to be the main causes of morpho-
functional changes in pelvic veins >*. The disease fol-
lows a distinctive staged course, which determines the
severity of the condition>. Disease onset is character-
ized by venous hypertension, venous valvular insuf-
ficiency, retrograde blood flow through the ovarian
veins, and veno-venous discharge of the gonadal vein
pool 6. The main components of PVI pharmacologi-
cal therapy include improving venous flow, correcting

microcirculatory disorders, and reducing inflamma-

tory phenomena in the vessel walls and surrounding
tissues >3,

Some data suggest that, in addition to hemodynamic
disorders, PVI progression is associated with changes
in nonspeciﬁc reactions, which are commonly in-
volved in various destructive processes in tissues®°.
Various biosubstrate free-radical oxidation reactions
are thought to play an important role in this, partic-
ularly lipid peroxidation (LPO)-antioxidant defense
(AOD) processes 19712, Only a few studies exist that
are devoted to investigating this issue, and their re-
sults show that the influence of mechanisms of lipid
peroxidation on varicose vein formation are fragmen-
tary, and do not reflect changes in ovarian veins at the
local level %13,

The aim of this research was therefore to evaluate
lipid peroxidation reaction activity and antioxidant
defense mechanisms in ovarian venous blood in pa-
tients at various stages of PVL.
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METHODS

Study design

A total of 137 women (mean age 37.4 + 9.1 years)
with PVI were included in this study. PVI diagnosis
was determined with an angioscan using duplex ul-
trasound 4. The following indicators were used for
diagnosis: the maximum diameter of the lumen of
the main venous trunk, the duration of reflux blood
flow in the common trunk of the ovarian veins at
rest, and the involvement of the small pelvic venous
plexuses %15, Women with PVI were separated into
3 groups according to disease stage (I, IT, III). The con-
trol group consisted of 30 women without PVI (mean
age 33.5 & 6.3 years).

The inclusion criteria for patients with PVI were fe-
male gender, reproductive age, confirmed diagnosis
of PVI, and informed consent for participation in the
research. Exclusion criteria were the presence of a
comorbid pathology, or pelvic gynecological or or-
ganic lesions. Inclusion criteria for the control group
were as follows: age comparable with that of the case
group, female gender, other basic criteria, absence of
an acute disease or exacerbation of a chronic disease,
and lack of venous system pathology. Exclusion cri-
teria for both groups were as follows: use of medica-
tion with angioprotective, venotonic, or antioxidant
effects, or intake of synthetic female sex hormones
analogs within 6 months prior to this study. Pregnant
patients were also excluded from this study.

Ethical approval of research

All women signed informed consent forms regarding
participation in the research, in accordance with the
World Medical Association Declaration of Helsinki
(1964, 2013 ed.). The Ethics Committee (Scientific
Centre for Family Health and Human Reproduction
Problems) approved the research (No. 3.1 dated Oc-
tober 26, 2012).

Biochemical measurements

Blood sampling was performed from the right and
left pelvic ovarian veins in patients with PVI and the
control group during laparoscopy using equipment
(Karl Storz, Germany and Cooper Surgical, USA) and
a 3D Laser Optic System (USA, Germany)!4. Both
plasma and erythrocyte hemolysate components were
tested. The LPO activity intensity was determined
from the levels of lipid hydroperoxides (LH), con-
jugated dienes (CDs) using spectrophotometry, and
the levels of TBA-reactive products (TBARs) of LPO
1617 The activ-

ity of the AOD system was determined by measur-
¢18

were measured using fluorometry

ing the reduced glutathione (GSH) content *°, and
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the activity of superoxide dismutase (SOD) 19 cata-
lase, glutathione reductase (GR), glutathione per-
oxidase (GPO), and glutathione-S-transferase (GST)
was determined using commercial kits by Randox
(UK). Measurements were made using the spectroflu-
orophotometer “Shimadzu RF-1501” (Japan) and the
spectrophotometer “Shimadzu RF-1650” (Japan). En-
zyme immunoassay was performed with a MultiSkan
ELX808 microplate reader (Biotek, USA). The equip-
ment used was from the Collective Usage Centre at the
Center for the Development of Progressive Personal-
ized Health Technologies.

Statistical analysis

Statistical analysis of the data was performed using
the Statistica 8.0 package (StatSoft Inc., USA). The
mean (M) and standard deviation (o) were calcu-
lated for each value. The visual-graphic method and
Kolmogorov-Smirnov test (Lilliefors and Shapiro—
Wilk correction) were used to determine the normal-
ity of the distribution of the characteristics. Student’s
t test (for normal distribution) or the Mann-Whitney
test (for abnormal distribution) were applied. The
critical level of significance was assumed to be 5%
(0.05).

RESULTS

The clinical characteristics of the patients in the PVI
and control groups are presented in Table 1. There
were no statistically significant differences in the main
characteristics (p > 0.05).

Patients with PVI stage I showed statistically signifi-
cant differences in several measurements in both the
right and left ovarian veins, compared to the control
group. In the right and left ovarian veins of PVI stage
I patients, levels of CDs were higher by 1.33 times (p
=0.002) and 1.34 times (p = 0.015), respectively; lev-
els of TBARs were higher by 1.34 times and 1.33 times
(p = 0.003), respectively; SOD activity was higher by
1.49 times (p < 0.0001) and 1.7 times (p < 0.0001), re-
spectively; and GPO activity was higher by 1.72 times
(p < 0.0001) and 1.76 times (p = 0.007), respectively,
compared to the control group (Figure 1).

In patients with PVI stage II, significant differences
were also noted in several measurements in both the
right and left ovarian veins, compared to the control
group. In the right and left ovarian veins of PVI stage
II patients, levels of LH were higher by 1.39 times (p
=0.018) and 1.38 times (p = 0.001), respectively; lev-
els of CDs were higher by 1.68 times in both (p =
0.011 and p = 0.019, respectively); levels of TBARs
were higher by 1.35 times (p = 0.036) and 1.28 times
(p = 0.041), respectively; and GSH levels were lower
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Table 1: The clinical characteristics of the patients with PVI (n)

Characteristics Control group I stage II stage III stage

(n=39) (n=65) (n=33)
Age mean 38.6 32.5 37.8 42.6
Hypertension 2 1 7 12
Obesity 5 4 16 10
Diabetes mellitus 2 2 8 6
Irregular menstruation 8 9 25 18
Pelvic pain 5 21 50 27
Dyspareunia 3 10 18 12
Infertility 4 8 18 10
Dysuria 3 3 12 7
Psycho-emotional disorders 4 6 18 10
Vein expansion lower limbs 4 2 15 18
Vulvar varicose veins 1 2 8 16
Disorders of pelvic organs function 5 10 19 13

Right ovarian vein Left ovarian vein

s===Control esssPathients with PVI s===Control ssssPathients with PVI

Figure 1: The lipid peroxidation products and antioxidant defense parameters in the right and left ovarian
veins in women with | study of the primary PVI (*- statistically differences with control (as 100%)). CDs: con-
jugated dienes; GR: glutathionereductase; GPO: glutathione peroxidase; GST: glutathione-S-transferase; GSH: re-
duced glutathione; LH: lipid hydroperoxides; PVI: pelvic venous insufficiency; SOD: superoxide dismutase; TBARs:
thiobarbituricacid reactants.
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Right ovarian vein Left ovarian vein

== Control essPathients with PVI === Control esssPathients with PVI

Figure 2: The lipid peroxidation products and antioxidant defense parameters in the right and left ovarian
veins in women with Il study of the primary PVI (*- statistically differences with control (as 100%)). CDs: con-
jugateddienes; GR: glutathione reductase; GPO: glutathione peroxidase; GST: glutathione-S-transferase; GSH: re-
duced glutathione; LH: lipid hydroperoxides; PVI: pelvic venous insufficiency; SOD: superoxidedismutase; TBARs:
thiobarbituric acid reactants.

Right ovarian vein Left ovarian vein

e===Control ====Pathients with PVI e===Control e==Pathients with PVI

Figure 3: The lipid peroxidation products and antioxidant defense parameters in the right and left ovarian
veins in women with Il study of the primary PVI (*- statistically differences with control (as 100%)). CDs: conju-
gated dienes; GR: glutathione reductase; GPO: glutathione peroxidase; GST: glutathione-S-transferase; GSH: re-
duced glutathione; LH: lipid hydroperoxides; PVI: pelvic venous insufficiency; SOD: superoxide dismutase; TBARs:
thiobarbituric acid reactants.
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by 1.38 times (p = 0.028) and 2.34 times, respectively,
compared to the control group (Figure 2).

Finally, patients with PVT stage III also had significant
differences in measurements from both ovarian veins,
compared to the control group. In the right and left
ovarian veins of PVI stage III patients, levels of LH
were higher by 1.48 times in both (p = 0.031 and p =
0.035, respectively); levels of CDs were higher by 1.69
times (p < 0.001) and 1.71 times (p < 0.001), respec-
tively; levels of TBARs were higher by 1.82 times (p =
0.0001) and 1.96 times (p < 0.001), respectively; and
levels of GSH were lower by 7 times (p < 0.0001) and
8.29 times (p < 0.0001), respectively, compared to the
control group (Figure 3).

DISCUSSION

PVI is known to have a chronic course that is diffi-
cult to treat, and this is largely due to a wide variety
of factors affecting the venous wall »®7. These factors
include increased venous pressure, venous wall weak-
ening as a result of atypical composition of the extra-
cellular matrix, changes in venous tone, efc. 1,6,7,20
The ovarian vein (v. ovarica) begins in the area of the
ovarian gate from a large number of veins exiting the
gland?!. These veins form a plexus pampiniformis
ovarii in the mesentery of the ovary. This plexus is
located between the sheets of the uterine broad liga-
ment, and anastomoses to the uterine venous plexus
and fallopian tube veins. Plexus pampiniformis ovarii
continues into the ovarian vein, which accompanies
the artery of the same name. On the left, the ovar-
ian vein flows into the left renal vein; on the right,
however, the ovarian vein flows directly into the infe-
rior vena cava. All pelvic venous plexuses anastomose
with one other, and these anastomoses vary consid-
erably in their flow capacity??. A number of stud-
ies have reported the significance of anatomy in PVI,
which occurs frequently in the left ovarian vein23.
Absence of venous valves in the upper part of the ovar-
ian vein has been detected in up to 15% and 6% of
cases on the left and right sides, respectively !3.
Changes in the lipid peroxidation system serve as a
significant factor in PVI development and progres-
sion 82425, The data obtained indicated that LPO ac-
tivity increased as the AOD process decreased in the
right and left ovaries, with increasing stages of PVI.
It should be noted, however, that patients with PVI
stage I had higher values of primary and secondary
products of LPO activity, as well as compensatory in-
creases in the activity of antioxidant enzymes SOD,
catalase, and GPO, compared to the control group.
These changes were observed in both ovarian veins

relative to the controls, and no difference in param-
eters between veins was detected.

It has been established that the biological effects of
free radicals are mediated through both their direct
effects on protein amino groups, phospholipids, and
nucleic acids, and also through effects on LPO prod-
ucts of the chain reaction?%2?7, Biomembrane defor-
mation and changes in ion transport dynamics, en-
zyme activity, and other pathological phenomena are
possible?8.

Organisms have certain well-recognized defense
mechanisms to prevent, eliminate, or partially reduce
the synthesis of reactive oxygen species (ROS). The
most significant limiting factor of the lipid peroxida-
tion processes is the high activity of enzymatic an-
tioxidant defense!®. SOD and catalase enzymes act
as the first line of defense against ROS, and the in-
creased activity of these enzymes observed in patients
with PVIstage I may indicate the presence of compen-
satory mechanisms at the initial stage of the disease.
GPOs are another family of enzymes that protect or-
ganisms from injury from ROS, and do so by catalyz-
ing the reduction of lipid hydroperoxide to alcohols,
and hydrogen peroxide to water?8. GPO is oxidized
to oxidized glutathione (GSSG), and is reduced by an
NADPH-dependent enzyme, GR?°. In PVI stage I,
we can suggest the adequate response of this enzyme
to the increase in toxic products of lipid peroxida-
tion. Previous studies have shown that levels of cata-
lase and malondialdehyde increase in patients with
varicose veins, whereas SOD, GPO, and GST activity
show no statistically significant difference, which was
described by the compensatory reaction®.

PVI stage II also showed a similar pattern of LPO-
AQOD processes in the right and left ovarian veins,
compared to the control. There was a pronounced
imbalance in LPO product synthesis and the activ-
ity of AOD factors. In both veins, we noted high
levels of lipid hydroperoxides, CDs, and TBARs, and
decreased levels of GSH. Most LPO products are
known to be toxic in excessive concentrations, and
can have a destructive effect on cellular components.
Lipid hydroperoxides are able to inhibit DNA syn-
thesis, cell proliferation and growth, and have ter-
atogenic and carcinogenic effects that induce muta-
tions in cell DNA !2, Studies have shown local conges-
tive venous hemodynamics, hypoxia, decreased oxy-
gen saturation, and ROS production are all factors
that induce pathological changes in the pelvic veins
of women %13 Tissue ischemia and endothelial dys-
function that result from varicose vein transforma-
tion can further enhance free-radical reactions, which
leads to decreased organism resistance®. Leukocyte
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aggression in the inflammatory process aggravates
vessel wall damage, which leads to the progression of
venous framework integrity disorders*. Data has also
shown that the intensification of peroxide processes
results in the formation of dense lipofuscin structures,
which impair the function of microcirculatory chan-
nels in many organs and tissues3?. Thus, the activa-
tion of lipid peroxidation reactions during the patho-
logical process in patients can aggravate morphofunc-
tional disorders at the level of venous blood flow, and
can contribute to further progression of the disease.

In PVI stage III, we observed similar changes to
PVI stage II, with lipid peroxidation reaction in-
tensification and significant accumulation of final
TBARs. In addition, a pronounced deficiency of the
reduced form of glutathione was detected in both
ovarian veins. Glutathione-dependent enzymes play
a key role in the AOD system, the main component
of which is the low-molecular-weight thiol gamma-
glutamylcysteinylglycine (GSH), which is the most
common sulfhydryl compound in cells?®. Its direct
function is related to the maintenance of the active
state of many enzymes, the spontaneous oxidation of
which leads to disulfide group formation3!. GSH is
also the main antioxidant in erythrocytes, and serves
as a coenzyme in the reduction of methemoglobin to
the functionally active hemoglobin. It also detoxifies
peroxides and hydroperoxides, which are formed by
the reaction of ROS with unsaturated fatty acids in

membranes31-33

. 'The apparent deficiency of GSH
can thus have a pronounced negative effect on the
above processes.

It was not possible to comprehensively assess the state
of the antioxidant defense system in patients with
PV, including the analysis of the content of the pa-
rameters of the nonenzymatic link — water and fat-
soluble vitamins, the level of total antioxidant activity
of the blood, efc., which is associated with additional

financial costs for the implementation of this study.

CONCLUSIONS

Similar levels of lipid peroxidation reaction activ-
ity and antioxidant defense factors are observed in
both left and right ovarian veins of PVI patients in
all stages of the disease. As the disease progresses
from stage I to III, an increase in lipid peroxidation-
antioxidant defense system imbalance is noted. Con-
trolling changes in the lipid peroxidation-antioxidant
defense system in PVI patients could be an important
preventative measure in the early stages of the disease,
and could contribute to pathogenetic treatment as it
progresses.
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ABBREVIATIONS

AOD: antioxidant defense, CDs:
enes, DNA: Deoxyribonucleic acid, GPO: glutathione

conjugated di-

peroxidase, GR: glutathione reductase, GSH: re-
duced glutathione, GST: glutathione-S-transferase,
LH: lipid hydroperoxides, LPO: lipid peroxidation,
M: mean, NADPH: nicotinamide adenine dinu-
cleotide phosphate, PVI: Pelvic venous incompe-
tence, ROS: reactive oxygen species, SOD: superoxide
dismutase, TBARs: TBA-reactive products, o: stan-
dard deviation
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