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Abstract

The negative impact of the environment in which the egg cell grows affects 
the quality of the embryo and the time during which subsequent developmental 
stages are reached, which ultimately translates into the achievement of 
pregnancy. The aim of this study was to compare follicular fluid levels of 
superoxide dismutase and catalase, the rate of embryonic development and 
treatment efficacy at early perimenopause, at childbearing age and in women 
with documented uterine myoma and the history of Intra Cytoplasmic Sperm 
Injection (ICSI). A total of 208 patients were divided into two groups: 150 women 
of childbearing age (27-35 years), (including 10 females with uterine myoma 
and ulipristal acetate therapy, 30 untreated females) and 58 women aged 40 to 
46 years. Follicular fluid levels of Superoxide Dismutase (SOD) and catalase 
were determined using spectrophotometry. Embryo culture was assessed 
every 10 minutes during continuous monitoring. We have demonstrated that 
the rate of embryonic development decreases with patient’s age, superoxide 
dismutase levels in follicular fluid increase, while catalase levels decrease. 
SOD activity reduces the time to achieve the 4-cell stage while catalase activity 
delays the 5-cell stage and the blastocyst stage at early perimenopause. Uterine 
myomatosis does not induce changes in the follicular fluid levels of antioxidant 
enzymes. Ulipristal acetate enhances the ICSI efficiency, without significant 
effects on the rate of embryonic development or antioxidant enzyme levels.
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with the disorders in the oxidoreductive system observed within the 
endometrium [12]. Presently, the ulipristal acetate treatment seems 
the most promising non-invasive therapy for uterine fibroids [13-15].

Late motherhood becomes more common, posing a significant 
challenge for reproductive medicine [16]. Female fertility declines 
markedly after the age of 40 [17]. It is a result of many factors, the 
most important of them being the reduced number and quality of 
egg cells produced by the ovaries. The decrease in child-bearing 
potential observed in women over 40 years of age may be ascribed to 
a number of reasons, including impaired ovarian vascularization, as 
well as free radical imbalance leading to oxidative stress and genetic 
dysfunctions [18,19]. The anomalies found in the egg cells produced 
in females of advanced age are associated with dispersed chromatin, 
decondensation of chromosomes and abnormalities connected with 
the spindle apparatus. Ageing oocytes also show abnormal synthesis 
of proteins associated with mitochondrial function, abnormal 
expression of genes regulating the cell cycle, cytoskeletal structure 
and genetic pathways [20].

The aim of the study was to compare follicular fluid levels of 
superoxide dismutase and catalase, the rate of embryonic development 
and treatment efficacy at early perimenopause, at childbearing age 
and in women with documented uterine myoma and the history of 
Intra Cytoplasmic Sperm Injection (ICSI).

Materials and Methods
The study was conducted in 2013 and 2014 at the Ovum Centre 

Introduction
The negative impact of the environment in which the egg cell 

grows affects the quality of the embryo and the time during which 
subsequent developmental stages are reached, which ultimately 
translates into the achievement of pregnancy [1]. The egg cell is 
probably damaged by the toxic microenvironment during the 
primordial stage of follicle development and at the time of oocyte 
maturation [2]. However, the most important cause of oocyte damage 
has been attributed to the deleterious effects of excess amounts of 
Reactive Oxygen Species (ROS) [3,4]. The term ROS covers a wide 
range of metabolites derived from the reduction of molecular oxygen, 
including free radicals, such as the superoxide anion, hydroxyl 
radical and powerful oxidants such as hydrogen peroxide (H2O2). 
The elimination of ROS partially depends on the antioxidant enzyme 
Superoxide Dismutase (SOD), which eliminates superoxide anions 
by producing H2O2 and is a first-line defence against ROS toxicity. 
The enzyme catalase acts as the second-line defence by detoxifying 
H2O2 to produce H2O [5,6]. Literature reports on the effects of these 
enzymes on reproduction are contradictory [4,5,7-10].

Achieving and maintaining pregnancy also depends on the 
uterine receptivity for embryo implantation and its ability to 
maintain pregnancy till term. The presence of uterine fibroids is one 
of the factors adversely affecting this ability. The closer they are to the 
uterine cavity, the more impact they have on the woman’s fertility. 
Procreation is mainly affected by endometrium-distorting intramural 
fibroids and sub mucosal fibroids [11]. The fibroids are associated 
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for Infertility Treatment in Lublin. The study group consisted of 
208 women receiving infertility treatment via microinjection of 
sperm into an egg cell. All patients have been classified for ICSI due 
to moderate male factor infertility which rendered classic In Vitro 
Fertilization (IVF) impossible, including 188 couples with the history 
of 4-6 unsuccessful intrauterine inseminations during 1-2 years and 
20 women with bilateral tubal obstruction. The patients were divided 
into the following subgroups : 150 females of childbearing age (27-
35 years), all with Follicle-Stimulating Hormone (FSH) <10 IU/
mL and normal Anti-Müllerian Hormone (AMH) levels (including 
110 women without underlying anomalies, 10 women with uterine 
fibroids and prior ulipristal acetate therapy, and 30 untreated 
women) and a group of 58 females aged 40 to 46 years, with FSH <17 
IU/mL and AMH levels ranging from 0.2 to 1.1 ng/ml. The patients 
with uterine fibroids who were included in the study had intramural 
and subserosal fibroids with a diameter <2.5 cm, not distorting the 
endometrium. Patients with severe endometriosis, Body Mass Index 
(BMI) <17 or >30 and women with metabolic diseases were excluded 
from the study. All patients gave their written consent and the study 
has been approved by the Ethics Committee at the Institute of Rural 
Health in Lublin.

All patients were treated with ICSI, using fresh oocytes and fresh 
sperm. Three to ten months before the stimulation of ovulation, 10 
patients with uterine fibroids received therapy with 5 mg ulipristal 
acetate (Esmya: Gedeon Richter) at a dose of 5 mg/day for 84 days. The 
stimulation of ovulation was performed according to short protocols 
using GnRh analogues (Gonapeptyl Daily: Ferring) and recombinant 
FSH (Gonal-F: Merck-Serono), beginning on the third day of the 
cycle. The puncture was performed 36 hrs after the administration 
of recombinant human chorionic gonadotropin (r-hCG) (Ovitrelle: 
Merc-Serono).

Follicular fluid was sampled from the follicles with the diameter 
exceeding 16 mm. In the case of absence of an egg cell in follicular 
fluid or its contamination with blood, the sample was excluded from 
the study. SOD levels were determined with spectrophotometry using 
SOD Assay Kit (Sigma-Aldrich), while catalase levels were measured 
with Catalase Assay Kit (Sigma-Aldrich), following manufacturers’ 
instructions. The final SOD and catalase levels were expressed as 
enzyme activity unit per mg of protein (U/mg).

The oocytes were separated from the mural granulosa cells and 
ICSI was performed 3 hours after ovarian puncture; fertilized cells 
were cultured in 25 µl drops of Cleavage medium (COOK, Sydney 
IVF, Australia) under mineral oil until day 2 (2-5 cell stage) in an 
automatic incubator equipped with time-lapse image recording unit 
(Time-lapse, Primo Vision EVO Microscope, Cryo-Innovation, 
Hungary), at a 5% CO2 level and 37°C. Fifty hours after ICSI, the 
culture medium was replaced with Blastocyst medium (COOK, 
Sydney IVF, Australia).

Embryo culture was assessed every 10 minutes during continuous 
monitoring with a camera placed inside the incubator. The embryos 
were not removed from the incubator throughout the observation 
period. The monitoring system was turned off between recording 
time points to avoid the adverse effects of electromagnetic waves. The 
t0 was defined as the time of ICSI. The tF was defined as the first time 
point in which the pronuclei were visible and the tC as the last time 

point in which the pronuclei could be seen. When the pronuclei were 
disappearing, first, the nucleoli shrank and faded and then, pronuclear 
membrane became no longer visible. The time point with one-cell 
embryo after the syngamy was defined as t1 and the subsequent 
cleavage time points were defined as t2, t3, t4, t5, t6, t7, t8. The tM 
stood for the beginning of morula formation and the tB was defined 
as the time point when the first signs of blastocyst cavity became 
visible. The ASRM (American Society for Reproductive Medicine) 
and the ESHRE (European Society of Human Reproduction and 
Embryology) criteria were used for blastocyst evaluation and one of 
the blastocysts was transferred in order to avoid multiple pregnancy. 
In the 7th week of pregnancy, ultrasound assessments of embryonic 
echo and heart rate were performed.

The results were analyzed statistically. Measurable parameters 
included in the analysis were presented as mean values, median, 
minimum and maximum values and standard deviation, while non-
measurable parameters were expressed as size and percentage. For 
qualitative characteristics, Chi2 test was used to identify the correlation 
between the achievement of pregnancy and patient’s age. The 
Shapiro–Wilk normality test was used to verify a normal distribution. 
The Kruskal-Wallis test was used to analyze the differences between 
the two groups. The correlation between the duration of embryonic 
development and SOD and catalase levels was analyzed with Pearson’s 
r correlation. Multivariate analysis with logistic regression was used 
to create a model predicting the achievement of pregnancy. The p 
value of <0.05 indicated the statistical significance of differences or 
correlations. Statistica 9.1 software (StatSoft, Poland) was used for the 
database and statistical analysis.

Results
Thirty-four (30.91%) clinical pregnancies were achieved as a result 

of therapy in patients of childbearing age without co-morbidities; 3 
(30%) pregnancies were achieved in the group of females with prior 
ulipristal acetate therapy; 5 (16.67%) pregnancies were obtained in 
patients with untreated uterine fibroids (16.67%), while 2 pregnancies 
(3.45%) were achieved in the group of early perimenopausal women. 
Statistically significant differences were observed between the number 
of pregnancies in patients of childbearing age without uterine fibroids 
and those at early perimenopause (Chi2=15.415, df=1, p=0.0001) 
(Figure 1). In the case of women with uterine fibroids, the sample 
size was too small to use the Chi2 test in order to compare the group 
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Figure 1: Proportion of pregnancies achieved during therapy in the analyzed 
groups of patients.
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treated with ulipristal acetate with untreated patients (due to a 
relatively short time the product has been on the market), but if the 
same proportions were used in a larger sample, the differences would 
be statistically significant.

Statistically significant differences were observed between the 
group of females of childbearing age and the group of women aged 
40-46 years in relation to both, the rate of embryonic development 
from the time when pronuclei appeared to the 4-cell stage and the 
time in which the blastocyst stage was achieved. The rate of embryonic 
development to the stages listed above was higher in females of 
childbearing age than in older patients. The rate of pronuclear 
atrophy was higher and the time to achieve the blastocyst stage was 
shorter in women with prior ulipristal acetate therapy compared to 
those of childbearing age, without uterine fibroids. No statistically 
significant differences were observed in other rates of embryonic 
development in women of childbearing potential between the group 
without uterine fibroids and the group with uterine fibroids. There 
were no significant differences in the rates of embryonic development 
between both groups of women with uterine myoma (Table 1).

Follicular fluid SOD levels were lower in younger patients without 
uterine fibroids (mean level 34.63 U/mg) than in older women (mean 
level 43.75 U/mg) and these differences were statistically significant 
(H=81.418, p<0.001). In the group of patients of childbearing age, 
no statistically significant differences in SOD levels were observed 
between women with and without uterine fibroids. On the other hand, 
catalase levels were statistically significantly higher in all patients of 
childbearing age compared to women aged 40-46 years (H=60.574, 
p<0.001). No differences in catalase levels were found in the groups 
of females of childbearing age (Figure 2).

A positive correlation (r- Pearson’s correlation coefficient) 
between catalase levels and the time to reach the 5-cell stage was 

observed in patients of childbearing age without uterine fibroids 
(r=0.195, p=0.035), while no statistical correlations were found 
for other time points. SOD levels within the same group had no 

I) Young healthy II) Older III) Myoma after therapy IV) Myoma no therapy
H p Between-group differences

Mean Mean Mean Mean

tF 8.67 11.44 8.30 9.43 31.208 <0.001 I-II, II-III, II-IV

tC 23.03 26.97 19.29 22.47 69.176 <0.001 I-II, I-III, II-III, II-IV

t1 23.79 27.25 21.60 22.68 54.791 <0.001 I-II, II-III, II-IV

t2 25.59 29.82 25.16 25.04 51.207 <0.001 I-II, II-III, II-IV

t3 35.75 40.94 32.58 35.70 65.225 <0.001 I-II, II-III, II-IV

t4 37.15 43.90 35.80 35.81 63.820 <0.001 I-II, II-III, II-IV

t5 51.87 54.10 46.00 49.36 16.451 0.001 II-III, II-IV

t6 55.43 54.98 52.78 53.79 1.219 0.748 –

t7 58.25 57.93 57.43 58.31 0.189 0.979 –

t8 63.35 61.30 72.01 62.39 5.303 0.151 –

t9 75.60 78.37 81.18 73.88 4.907 0.179 –

tM 85.81 84.96 86.48 82.65 3.201 0.362 –

tB 104.55 107.91 103.71 104.40 46.498 <0.001 I-II, I-III, II-III, II-IV

Table 1: The rates of embryonic development in females of child bearing age and those at early perimenopause. The data is expressed in hours and fractions of an 
hour. t0 - time of ICSI, tF- time of the first frame in which both pronuclei could be observed, tC- the frame with the last observation of both pronuclei, t1- time for the 
corresponding number of 1 cell, t.2- time for the corresponding number of 2 cells, t.3- time for the corresponding number of 3 cells, t.4- time for the corresponding 
number of 4 cells, t.5- time for the corresponding number of 5 cells, t.6- time for the corresponding number of 6 cells, t.7- time for the corresponding number of 7 cells, 
t.8- time for the corresponding number of 8 cells, t.9- time for the corresponding number of 9 cells, tM- the first frame in which the embryos were compacting into the 
morula stage , tB- the frame in which a crescent-shaped area began to emerge from the morula. p <0.05– statistical significance of difference, H-Kruskal-Wallis test.
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Figure 2: Mean SOD and catalase levels in follicular fluid obtained from the 
analyzed groups.
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significant effect on the rates of embryonic development. Older 
subjects reached the 4-cell stage sooner and had higher superoxide 
dismutase levels (r=−0.342, p=0.008). A reverse correlation, however, 
was observed between catalase levels and the time to reach the 
5-cell stage of the embryo (r=0.282, p=0.032) and the blastocyst 
stage (r=0.292, p=0.022). Among patients with uterine fibroids, no 
correlation was observed between antioxidant enzyme levels and the 
rate of embryonic development (Table 2).

Discussion
We have shown in our study a significant age-related decrease 

in the rate of embryonic development. We have also confirmed the 
increased levels of superoxide dismutase in follicular fluid in early 
perimenopausal women, as well as the age-related decrease in the 
levels of catalase. These findings are in line with the results of studies 
conducted by Carbone et al. who observed that catalase levels in 
follicular fluid were age-dependent [21]. However, different results 
were obtained by Matos et al. The researchers discovered that the 
activity of superoxide dismutase in follicular fluid decreased with age, 
while it was found to be increased in patients with endometriosis and 

ovulatory dysfunction [22].

The results obtained by Grøndahl et al. [18] may explain the 
observations made in the present study that the rate of embryonic 
development was considerably lower, and the achievement of 
pregnancy was less successful in older women. The researchers 
investigated the effects of age on gene expression profile in mature 
human oocytes. They isolated mRNA for whole genome microarray 
analysis of gene expression from metaphase II (MII) oocytes from 
IVF or ICSI patients (10 younger women aged under 36 years, and 
5 older women aged 37-39 years) subjected to controlled ovarian 
stimulation. The researchers observed a considerable difference in the 
transcriptional level of genes involved in central biological functions 
of the oocytes between the oocytes from younger and older patients. 
These findings contribute to the knowledge of processes which may 
be associated with the phenomenon of ageing as well as to the age-
related reduction in fertility.

Similarly, Stoop et al. explained in their study the age-related 
reduction in reproductive outcomes. They evaluated the reproductive 
efficiency of the oocyte based on ovarian ageing and ovarian response 

Young Old Myoma after Esmya Myoma no therapy

SOD catalase SOD catalase SOD catalase SOD catalase

tF
r -0.034 0.167 -0.121 -0.128 0.362 0.130 -0.090 0.149

p 0.727 0.082 0.368 0.338 0.304 0.721 0.638 0.432

tC
r -0.054 0.064 -0.201 -0.094 0.225 0.180 -0.324 0.130

p 0.574 0.506 0.130 0.483 0.533 0.619 0.081 0.495

t1
r -0.028 0.177 -0.125 0.035 0.071 0.059 0.035 0.010

p 0.775 0.064 0.350 0.797 0.846 0.871 0.855 0.960

t2
r -0.168 0.070 -0.201 0.245 -0.196 0.434 -0.079 -0.166

p 0.079 0.466 0.129 0.064 0.587 0.211 0.678 0.381

t3
r 0.132 -0.087 0.148 -0.026 -0.132 -0.158 0.263 0.197

p 0.170 0.365 0.267 0.848 0.717 0.662 0.160 0.297

t4
r -0.141 -0.057 -0.342 0.174 -0.505 0.402 0.247 0.030

p 0.142 0.555 0.008 0.193 0.137 0.249 0.188 0.877

t5
r -0.107 0.195 -0.033 0.282 -0.215 -0.469 0.015 0.264

p 0.266 0.035 0.807 0.032 0.551 0.172 0.937 0.159

t6
r 0.002 -0.157 -0.085 -0.020 -0.402 -0.312 -0.116 0.259

p 0.980 0.103 0.526 0.882 0.250 0.381 0.543 0.166

t7
r 0.109 -0.046 -0.006 -0.040 -0.041 -0.409 -0.038 0.144

p 0.259 0.630 0,965 0.766 0.911 0.241 0.841 0.449

t8
r -0.145 -0.004 -0.118 0.015 -0.074 0.155 -0.290 -0.001

p 0.132 0.969 0.378 0.912 0.838 0.669 0.121 0.996

t9
r -0.104 -0.164 -0.059 -0.046 -0.519 -0.224 -0.142 0.332

p 0.281 0.086 0.662 0.731 0.124 0.533 0.453 0.073

tM
r -0.021 -0.072 -0.186 -0.089 0.016 -0.271 -0.089 0.164

p 0.830 0.455 0.163 0.506 0.965 0.448 0.641 0.387

tB
r -0.101 0.122 -0.190 0.292 -0.299 -0.038 -0.256 0.002

p 0.295 0.203 0.153 0.022 0.402 0.918 0.172 0.992

Table 2: Statistically significant correlation (r- Pearson’s correlation coefficient) between Superoxide Dismutase (SOD) and catalase levels and the rate of embryonic 
development (data is expressed in hours and fractions of an hour; p <0.05– statistical significance of difference).
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[26]. The retrospective analysis involved patients treated during 
the period 1992-2009, and the number of live births after fresh and 
cryopreserved embryo transfer per mature oocyte was calculated 
for 207,267 oocytes retrieved in 23,354 ovarian stimulation cycles. 
Subsequently, the number of live births per mature oocyte was 
analyzed according to the ovarian response. It was found that the 
oocyte utilization rate was constant in women aged up to 37 years, 
with the mean number of live births per mature oocyte of 4.47% 
(5%CI: 4.32-4.61), while this rate was significantly lower in women 
aged over 38 years, and decreased from 3.80% at the age of 38 years 
to 0.78% at the age of 43 years (p<0.001). Among women aged 38-
43 years, this rate did no longer depend on the ovarian response 
(p=0.87). The study by Stoop et al. demonstrated that the oocyte 
utilization rate in women aged 23-37 years depended to a high degree 
on the ovarian response, and much less on age, whereas in those aged 
38 years and more this rate depended to a greater extent on age than 
on the ovarian response. The study by Stoop et al. seems to be in line 
with our findings in relation to the observed, significant decrease in 
ICSI efficacy in older patients.

The present study showed the effects of SOD levels on the time 
to reach the 4-cell stage of embryonic development in older females; 
however, it is not clear if this was related with the effectiveness of 
treatment due to an insufficient number of achieved pregnancies. The 
study by Combelles at al. conducted in a group of 91 women aged 
under 40 years did not confirm the effects of the levels of superoxide 
dismutase on the implantation and quality of embryos in IVF [3]. It 
seems that the issue will require further investigation.

The results obtained in our study demonstrated that uterine 
fibroids were not associated with significant changes in the levels 
of antioxidant enzymes or in the rate of embryonic development. 
We also found no such differences between the groups treated with 
ulipristal acetate and untreated patients, which seems to confirm the 
safety of UA therapy. The safety of Esmya was also shown in the study 
conducted by Luyckx M. in which 21 patients attempted pregnancy, 
among whom 15 (71%) succeeded. In total, 18 pregnancies were 
achieved. Among these 18 pregnancies, 12 resulted in the birth of 
13 healthy children and 6 ended in early miscarriage. No regrowth 
of fibroids was observed during pregnancy [15]. Likewise, a case 
report under my authorship concerning the pre-treatment with 
ulipristal acetate prior to ICSI resulting in the birth of a healthy child 
supported the safety of ulipristal acetate therapy [27,28]. Similar 
evidence for Esmya safety has been presented in a case report by 
Monleón J. et al. [29]. Esmya mode of action based on the affinity to 
Progesterone Receptor (PGR) had provoked many questions about 
its safety before it was used in the treatment of infertility. We know 
that in the ovary, PGR is expressed specifically in granulosa cells of 
preovulatory follicles. It is primarily localized to nuclei and cytosol 
of mural granulosa cells and is virtually undetectable in cumulus cells 
or oocytes, consistent with LH receptor expression [30,31]. Although 
the role of PGR in ovulation is clear, the possible influence of PGR on 
oocyte developmental competence that is, the ability of the oocyte to 
produce a viable embryo following fertilization, does not appear to be 
resolved [32]. Our findings concerning the effectiveness of ulipristal 
acetate therapy allow us to believe that the effect of progesterone 
receptor modulation by ulipristal acetate is non-existent as early as 3 
months after treatment discontinuation.

The role of antioxidant enzymes in the pathogenesis of uterine 
fibroids remains unclear. Although our study did not show any 
difference between SOD and catalase levels in women with and 
without uterine fibroids, we found that the changes in the activity 
of these enzymes were age-related. On the other hand, Pejić et al. 
reported elevated SOD levels in the endometrium of patients with 
uterine fibroids, however, their comparisons were made between 
SOD levels in females with different pathologies and not in healthy 
women [12]. This issue requires further studies in the future.

Our study confirmed that patient’s age was a very important factor 
affecting the successful achievement of pregnancy, raising hopes that 
ulipristal acetate therapy could enhance the chances of pregnancy in 
patients with uterine fibroids. Further research is needed in larger 
groups of patients.

Conclusion
1.	 The rate of embryonic development decreases with 

woman’s age.

2.	 Superoxide dismutase levels in follicular fluid increase, 
while catalase levels decrease in early perimenopause.

3.	 In early perimenopause, SOD activity reduces the time in 
which the 4-cell stage is achieved while catalase activity 
delays the beginning of 5-cell and blastocyst stages.

4.	 Uterine fibroids are not associated with the changes in 
antioxidant enzyme levels in follicular fluid.

5.	 Ulipristal acetate used in infertility treatment enhances 
ICSI efficiency without significant effect on the rate of 
embryonic development or the activity of antioxidant 
enzymes.
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