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Abstract
The aim of our study was to identify the changes in the indicators of lipid peroxidation (LPO) and antioxidant defense 

(AOD) in women with endocrine infertility.
Methods and Results: The study included 358 women of reproductive age. Based on clinical and laboratory data, two groups 

were formed: the control group (CG) and the main group (MG). CG consisted of 61 healthy fertile women (mean age of 22±2.3 years). 
MG consisted of 297 women (mean age of 26±5.6 years) with endocrine infertility. The blood levels of antioxidant parameters (total 
antioxidant activity [TTA], SOD activity, α-tocopherol and retinol) and primary/secondary products of LPO (conjugated dienes [CD], 
ketodienes and conjugated trienes [KD-CT], and thiobarbituric acid reactants [TBARs]) were determined using spectrophotometric 
and fluorometric methods. The levels of sex hormones and cortisol were determined by radioimmunoassay and EIA.

In MG, we found a significant increase in the blood levels of total lipid, DB, CDs, KD-CT, and TBARs, compared to CG. 
The results of a comparative analysis of the AOD parameters showed a significant increase in the total AOA level by 31% in MG, 
while the levels of α-tocopherol and retinol significantly decreased by 22% and 15%, respectively, compared to CG.  In women of 
MG, the serum level of prolactin increased by 2 times.

Conclusion: The results obtained reflect the adaptive and disadaptive mechanisms of LPO-AOD participation in the formation 
of female infertility of endocrine origin. The complex changes in the LPO-AOD system (increased levels of the substrates of 
oxidation and all intermediates of the LPO process amid falling values of the AOD parameters) indicate the presence of OS in 
women with endocrine infertility. (International Journal of Biomedicine. 2020;10(4):373-377.)
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Introduction
The non-specific biochemical processes that occur at 

the cellular level and determine the reactivity of the body are 
essential in the pathogenesis of neuroendocrine diseases of the 
reproductive system.(1-7) It is known that the reactions of lipid 
peroxidation (LPO) and antioxidant defense (AOD) provide 

cellular homeostasis at the optimal level. In disregulatory 
states, as a result of the LPO activation, a violation of the 
pro-oxidant-antioxidant balance occurs, which indicates the 
development of oxidative stress (OS).(8,9) 

One of the most powerful factors that damage cell 
membranes is the formation of free radicals, which cause 
chain reactions of lipid oxidation in the cell. Especially 
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susceptible to free radical oxidation are membrane 
phospholipids unsaturated fatty acids. Excessive activity 
of free radical lipid oxidation processes is prevented by a 
special AOD system. AOD plays an important role in the 
body’s protective and adaptive responses. The study of 
the balance of indicators of the free radical lipid oxidation 
processes and AOD in various pathological processes allows 
us to assess patients’ reserve capabilities.(10,11)   

To fully understand the nature of peroxidation 
processes in reproductive disorders, and when to choose 
tactics for rational correction of their possible damaging 
effects, a comprehensive examination is necessary, including 
assessment of both the initial and final LPO products, as well 
as the level of factors that provide defense from possible 
damage to the cell regulatory apparatus by intermediates of 
LPO.(12) Women’s reproductive health protection is one of the 
crucial tasks of healthcare. Despite the advances in modern 
medicine and the development and implementation of new 
reproductive technologies, the number of infertile couples 
continues to increase and, according to the literature, the 
frequency of infertility in various countries of the world varies 
from 8% to 21%, and the endocrine female infertility accounts 
for about 30%-40%.(13,14) 

Despite extensive study of the main mechanisms of 
pathogenesis, and of factors that prevent the development 
of the most common clinical and pathogenetic variants of 
female endocrine infertility and reproductive disorders, the 
background of hormone-dependent gynecological diseases 
is still not clear. It concerns functional relationships between 
the processes of LPO and neuroendocrine regulation of 
reproductive disorders, which is important for women with 
endocrine infertility.(15,16)

The aim of our study was to identify the changes in 
the indicators of LPO and AOD in women with endocrine 
infertility.

Materials and Methods
The study was conducted in accordance with ethical 

principles of the WMA Declaration of Helsinki (1964, ed. 
2013) and approved by the Ethics Committee of Scientific 
Centre for Family Health and Human Reproduction Problems. 
Written informed consent was obtained from the patient/
parent/guardian/ relative of each patient.

To evaluate the parameters of the LPO-AOD system, 
358 women of reproductive age were selected. When 
assigning women to a particular category (fertile or infertile), 
the WHO classification of fertility was used: fertile (women 
who had a pregnancy during the current year), presumably 
fertile (women who had a history of pregnancy more than 
1 year ago), primarily infertile (women who did not have a 
history of pregnancy, despite regular sexual contact during 
the year and provided that no contraceptive methods were 
used), secondarily infertile (infertile women with a history of 
pregnancy), women with unknown fertility (women with no 
history of pregnancy due to the use of contraceptive methods, 
and/or with irregular sexual contact). Women with unknown 
fertility were not included in the study.

Based on clinical and laboratory data, taking into 
account the accepted criteria, two groups were formed: the 
control group (CG) and the main group (MG). CG consisted 
of 61 healthy fertile women (mean age of 22±2.3 years). 

The criteria for inclusion in the CG: pregnancy that 
ended in childbirth within the last 2 years, absence of 
neuroendocrine disorders, regular menstrual cycle, and 
absence of severe somatic pathology. MG consisted of 297 
infertile women (mean age of 26±5.6 years) with the following 
nosological forms and syndromes: hypothalamic syndrome 
(n=108), hyperprolactinemia (n=60), congenital adrenal 
cortex dysfunction(n=32), and dyshormonal diseases of the 
mammary glands(n=97). Women of all infertile subgroups 
were comparable in age, reproductive history, and duration of 
infertility. 

Blood samples (5 ml) were collected from the ulnar vein 
in standard vacuum tubes with EDTA in the morning after 
night fasting. The erythrocyte population was separated from 
the other blood components by centrifugation at 1500 g for 5 
min, at 4°C. The erythrocyte pellet was washed 3 times with a 
0.9% (wt/vol) NaCl solution. Aliquots of EDTA anticoagulated 
plasma and washed erythrocytes were used immediately or 
kept frozen at -40°С, not exceeding one month. Total lipids 
were measured by colorimetric kit assay (BIOLA-TEST, 
PLIVA - Lachema a.s., Czech Republic). 

The intensity of LPO-AOD processes was estimated by 
plasma concentrations of antioxidant parameters (TAA, SOD 
activity, α-tocopherol and retinol) and primary/secondary 
products of LPO (CDs, KD-CT, and TBARS).(17,18) The 
blood plasma TAA level was detected photometrically.(19) 

TBARs levels, SOD activity in hemolysate and α-tocopherol 
and retinol levels in plasma were detected by fluorometry.
(20) The content of GSH and GSSG was determined by 
P.Y. Hissin, R. Hilf (1976).(21)  The SOD activity in the 
erythrocytes was determined by H.P. Misra and I. Fridovich.
(22) The measurements were conducted with a Shimadzu 
RF-1501 spectrophotometer (Japan) consisting of two 
blocks: a UV-1650PC spectrophotometer and a RF-1501 
spectrofluorimeter.

The levels of LH, FSH, PRL in the blood were detected  
by radioimmunoassay with an Immunotest Analyzer (Russia) 
using commercial kits from Dias (Russia). The level of 
cortisol was determined by EIA with EL 808 analyzer 
(USA) using test system “ALKOR-BIO” (Russia), 17-OH-
progesterone a COBOS analyzer (USA) using kits from DRG 
ELISAS (USA).

Statistical analysis was performed using the 
Statistica 6.1 software package (Stat-Soft Inc., USA). 
The normality of distribution of continuous variables was 
tested by the Kolmogorov-Smirnov test with the Lilliefors 
correction and Shapiro-Wilk test. For descriptive analysis, 
results are presented as mean±standard deviation (SD). For 
data with normal distribution, inter-group comparisons were 
performed using Student’s t-test. Differences of continuous 
variables departing from the normal distribution, even after 
transformation, were tested by the Mann-Whitney U-test. 
A probability value of P<0.05 was considered statistically 
significant.
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Results
In MG, total lipid concentrations increased by 8% 

and DB - by 13%, compared to CG. Activation of the LPO 
process, leading to the accumulation of the toxic products, was 
characterized by an increase in the levels of the lipid oxidation 
primary and secondary products [CDs – by 20% (p<0.05), 
KD-CT – by 29% (p<0.05)], as well as a significant increase 
in the level of TBARs (Fig.1). 

The results of a comparative analysis of the AOD parameters 
showed a significant increase in the total AOA level by 31% in MG, 
while the levels of α-tocopherol and retinol significantly decreased 
by 22% and 15%, respectively, compared to CG. The SOD activity 
was 6% lower than in CGThe blood level of GSSG increased by 
5% and the GSH/GSSG ratio decreased insignificantly by 5% in 
MG, compared to CG (Fig.2).

In women of MG, the serum level of PRL increased by 2 
times, and the LH/FSH ratio was 19% higher than in CG; there 
were no significant differences in the levels of LH and FSH 
between groups (Fig.3). We found also a 17% increase in the levels 

of cortisol and a 19% increase in 17-OH-progesterone in MG, 
compared to CG. No significant differences in the serum levels 
of testosterone, thyroid and thyroid-stimulating hormones were 
revealed between study groups.

Biochemical studies of human reproductive function 
and its disorders in recent decades have been characterized 
by the development of “cost-effective” universal technologies 
that allow us to give an integral assessment and outline some 
sanogenetic ways to correct disorders in reproductive function. 
It is necessary to highlight the research concerning the 
polyvalent function of LPO and AOD factors,(23) which prevent 
the development of OS and positively affect the complex 
treatment of endocrine forms of female infertility.(24,25)

The increased intensity of LPO, as a possible result of 
neurohumoral shifts, in many cases is either a consequence or 
cause of certain pathological changes in cells and tissues.(26,27) 

The concentration of highly reactive LPO products 
is controlled by a multicomponent system of AOD, formed 
during evolution, that prevents the formation of OS.(28)  

In a healthy subject, the actions of antioxidants are 
closely related to each other and are clearly balanced. Violation 
of the ratio of enzymatic and non-enzymatic components of 
AOD can cause additional activation in LPO processes and 
depletion of antioxidant reserves, leading to the development of 
OS. In our study, the analysis of the antioxidant system factors 
demonstrated either reduced concentration (α-tocopherol, 
retinol) and low activity (superoxide dismutase), or almost 
unchanged levels (glutathione system).

The decrease of retinol concentration in women with 
endocrine infertility, compared to women of CG, deserves 
special attention. This fact should be attributed not so much to 
the lower antioxidant status of the blood plasma of these patients, 
but to the fact that during its oxidation vitamin A is converted 
to retinoic acid.(29) Retinoic acid is currently considered as a 
lipophilic hormone that interacts with the nucleus of target cells 
like steroid hormones. The resulting complex binds to certain 
parts of the DNA and stimulates gene transcription. Proteins 
formed as a result of gene stimulation under the influence of 
retinoic acid affect the growth, differentiation, and regeneration 
of tissues. In this regard, retinol can be considered not only a 

Fig. 1.  The blood levels of oxidation substrates and LPO 
products in study groups. (0 – the level of the control group 
indicators, taken as 100%; * - P <0.05).

Fig. 2. The blood levels of AOD indicators in study 
groups. (0 – the level of the control group indicators, taken as 
100%; * - P <0.05).

Fig. 3. The blood levels of sex hormones and cortisol in 
study groups. (0 – the level of the control group indicators, 
taken as 100%; * - P <0.05).
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direct-acting antioxidant, responsible together with tocopherols 
for the “quenching” of peroxide radicals, but also a factor 
that has an antioxidant-mediated effect through the hormonal 
regulation of systemic metabolism and the functioning of many 
organs and systems.(30) This possibility is indicated by the results 
of studies that have shown retinoic acid binds to the receptors of 
vessels of smooth muscles, whose nuclei are constantly in the 
“stand by” mode, activating the corresponding regions of DNA 
with the formation of adrenomedullin, which induces a variety 
of systemic effects.(31) 

Of considerable interest is also the fact that in the group 
of patients with endocrine infertility, prolactin content is twice 
as high as in healthy women. According to the literature data 
on the effect of prolactin on lipid metabolism, women have a 
positive correlation between the content of triacylglycerols and 
prolactin.(32) The results suggest the possibility of increasing the 
activity of liposynthetic processes in the liver, a possibility that 
is also evidenced by data on an increase in the concentration 
of free fatty acids, cholesterol, and triacylglycerols in animals 
after intraperitoneal administration of prolactin.(33) Prolactin 
inhibits human lipoprotein lipase activity in white adipose 
tissue,(34) thereby maintaining a high concentration of lipids 
in the blood. In this regard, a paradoxical metabolic situation 
arises: in the presence of absorptive lipemia, triacylglycerols 
are not attacked by the prolactin-blocked lipoprotein lipase 
and do not replenish the fat depot. The formation of fatty acids 
de novo, and lipids from them, is prevented by the depression 
of malonyl-CoA synthetase, which can occur at the level of 
apoenzyme, coenzymes, or cofactors. At the same time, the 
residues of unsaturated fatty acids remaining in the blood for a 
long time in the composition of LDL are very likely to undergo 
lipid peroxidation, which we observe when the concentration 
of prolactin increases.

Thus, our results reflect the adaptive and disadaptive 
mechanisms of LPO-AOD participation in the formation of 
female infertility of endocrine origin. Taking into account 
the complex changes in the LPO-AOD system, indicating 
the presence of OS (increased levels of the substrates of 
oxidation and all intermediates of the LPO process amid 
falling values of the AOD parameters), we recommend the 
differentiated complex treatment and preventive measures 
aimed at normalizing the of LPO-AOD balance in women 
with endocrine infertility.
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