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Abstract
Sialic acid residues perform important roles in both physiological and pathologic processes. Our aim was to measure the levels of
sialic acid in the follicular fluid of women undergoing in vitro fertilization (IVF) and to assess correlations between IVF
parameters and sialic acid levels. All women meeting the inclusion criteria underwent gonadotropin-releasing hormone agonist
treatment and during oocyte retrieval, follicular fluids of mature follicles were collected and pooled for each patient. Correlation
analysis was made between sialic acid levels and oocyte quality. Eighty-seven patients meeting the inclusion criteria were
enrolled. In terms of oocyte quality and sialic acid, follicular fluid total sialic acid (FF-TSA) levels positively correlated with
germinal vesicle oocytes and metaphase I oocytes. In terms of clinical parameters, no correlation between sialic acid levels and
body mass index, serum levels of hormones, duration of infertility, and the total dose of gonadotropins was observed. The mean
FF-TSA was 86.1±35.19 mg/dl in the clinical pregnancy positive group and was 73.64±22.15 mg/dl in the clinical pregnancy
negative group. FF-TSA levels positively correlated with immature oocytes. This can be either as part of the normal oocyte
maturation or as a compensatory mechanism against reactive oxygen species during the oocyte maturation process.
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Introduction

Follicular fluid is a liquid that surrounds the developing oocyte
and is mainly composed of the secretions from the developing
follicle. Follicular fluidmay play a critical role in both fertilization
and embryo development as it has a dynamic and metabolically

active environment containing steroid hormones, glycoproteins,
growth factors, cytokines, granulosa cells, and many unknown
molecules. Follicular fluid is easily available during oocyte pick-
up and theoretically represents an optimal source of noninvasive
biochemical predictors of oocyte quality [1].

Sialic acid (N-acetylneuraminic acid) is a nine-carbon
monosaccharide found at the carbohydrate chains of glycopro-
teins, mucins, and gangliosides. Sialic acid residues have
broad roles in both physiological and pathologic processes
including fertilization, glomerular filtration, ligand of adhe-
sion molecules, and as a target for pathogenic organisms [2,
3]. So far, in reproductive endocrinology, sialic acid studies
were mainly focused on zona pellucida-sperm interactions [4].
However, in animal models, the follicular fluid content of
sialic acid was reported to change during the oocyte matura-
tion [5, 6]. The levels of sialic acid correlated with the size of
the follicle and were highest in large follicles showing the
possible alteration of sialic acid content during the maturation
process [5]. Ganglioside GD1a which is another molecule that
is rich in sialic acid residues is shown to promote oocyte
maturation in pigs [7].

The levels of sialic acid in the human follicular fluid have
not been studied extensively in in vitro fertilization (IVF)
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cycles and became the fundamental reason for measuring both
total and free sialic acid in the follicular fluid of women un-
dergoing IVF cycles. The aim of our study is to investigate
follicular fluid sialic acid levels and the effect of follicular
fluid sialic acid levels on IVF outcomes.

Material and Methods

This cross-sectional study was conducted at the Reproductive
Endocrinology and In Vitro Fertilization unit of the Istanbul
University Cerrahpasa Faculty of Medicine, between January
2014 and January 2016. The study was approved by the hos-
pital’s ethics committee. Informed consent was obtained from
participants. The inclusion criteria were as follows: under 40
years of age, a basal follicle stimulating hormone (FSH) level
<10 mIU/mL, and body mass index (BMI) of 18–25 kg/m2.
Exclusion criteria included history of ovarian surgery, endo-
metriosis, uterine anomaly, any endocrine disease including
congenital adrenal hyperplasia, smoking, use of any medica-
tions, and hormones in the last 3 months. Before the IVF
treatment, serum FSH, luteinizing hormone (LH), prolactin
(PRL), thyroid-stimulating hormone (TSH), and estradiol
levels were measured on the third day of the cycle. Age,
BMI, duration of stimulation, duration of infertility, the total
dose of gonadotropins, estradiol on the day of hCG adminis-
tration, number of oocytes retrieved, and fertilization rate were
recorded.

All patients underwent gonadotropin-releasing hormone
agonist (GnRHa) treatment, leuprolide acetate 1 mg/day s.c
(Lucrin®, Abbot, Turkey) beginning on the 21st day of the
previous cycle. On the 3rd day of the cycle, the leuprolide
dose was reduced to 0.5 mg/day, and a daily dose of recom-
binant FSH (Gonal-F; Merck Serono, Istanbul, Turkey) was
initiated at 225–300 or 375 IU depending on the patients age
and BMI. When there were more than 2 follicles ≥18 mm
present, 10.000 IU of human chorionic gonadotropin (hCG)
(Pregnyl®, Schering-Plough, Turkey) was injected to induce
the final oocyte maturation. Oocyte retrieval was done 36 h
after the hCG injection. Fresh embryo transfer was performed
48–72 h after the oocyte retrieval. Oocyte maturity and em-
bryo grading classifications were performed according to
Veeck LL [8, 9]. Oocytes were cultured in Petri dishes in
IVF-20® (Vitrolife, Göteborg, Sweden) at 37°C in a humidi-
fied 5% CO2/95% air environment. Following the procedure,
embryos were cultured in IVF-20® at 37°C under 5% CO2.

During oocyte retrieval, follicular fluids of mature follicles
(≥18 mm) were collected from the first follicle entered and
were aspirated for each patient. Follicle aspirates, which were
not clear and contaminated with blood, were excluded. All
samples were immediately centrifuged at 2000×g for 10 min
and the supernatant stored at −80°C until subsequent assay for
sialic acid measurement. Total and free sialic acid levels were

measured in the follicular fluid as described by Tram et al.
[10]; aliquots (140 μl) of standard, blank, or sample were
added to an equal volume of water. The samples were treated
with 70 μl of periodate reagent (25 mM periodic acid in
0.125 N sulfuric acid) and incubated at 37°C for 30 min.
The reaction was terminated through the addition of 70 μl of
sodium arsenite (2% sodium arsenite in 0.22 M hydrochloric
acid). Once the yellow color of liberated iodine had disap-
peared, 140 μl of thiobarbituric acid (0.1 M, pH 9.0) was
added and the solution was heated in boiling water bath for
7.5 min and then cooled in ice water. Dimethyl sulfoxide (560
μl) was added and absorbance values were measured by spec-
trophotometer at 549 nm using plastic microcuvettes. Because
the aforementioned method measures only free sialic acid, the
follicular samples were hydrolyzed with 0.1 N sulfuric acid at
80°C for 60 min to determine the total sialic acid content.

A statistical analysis was performed using SPSS (IBM,
NY, USA) software version 20.0. The Shapiro-Wilk test was
used for the normality and distribution of variables. For con-
tinuous variables, the independent samples t-test was used for
normally distributed data and the Mann–Whitney U-test was
used for non-normally distributed data. The data were
expressed as mean±standard deviation and median (range).
Spearman or Pearson correlation coefficients were used to
explore the relationship between the continuous variables. A
p <0.05 value was considered statistically significant.

Results

One hundred fifteen patients were assessed for eligibility dur-
ing the study period. Eighty-seven patients meeting the inclu-
sion criteria were enrolled in the study (Fig. 1). The demo-
graphic and clinical data of the study population are shown in
Table 1. The mean follicular fluid total sialic acid (FF-TSA)
level was 76.68±25.77 mg/dl and the mean follicular fluid free
sialic acid (FF-FSA) was 0.73±0.33 mg/dl (Table 1).
Correlations were not detected between FF-FSA/TSA and
clinical parameters including age, BMI, duration of infertility,
hormone levels on cycle day 3, the total dose of gonadotro-
pins, and estradiol levels on the day of hCG administration
(Table 2). However, the FF-TSA levels positively correlated
with the number of germinal vesicle (GV) and metaphase I
(M1) oocytes (r= 0.282, p=0.06 and r= 0.229, p=0.025, re-
spectively) (Table 2). On the other hand, no significant corre-
lation was detected between FF-TSA/FF-FSA levels and the
number of MII oocytes. The number of fertilized oocytes and
the fertilization rate also did not correlate with the follicular
fluid sialic acid levels (Table 2).

Comparison of demographic and clinical data of the clini-
cal pregnancy positive and negative groups is shown in
Table 3. Clinical pregnancy was defined when in the uterine
cavity fetal heart beat was seen with the ultrasonography. The
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mean FF-TSA was 86.1±35.19 mg/dl in the clinical pregnan-
cy positive group (n=22) and was 73.64±22.15 mg/dl in the
clinical pregnancy negative group (n=65) (p=0.064). The
mean FF-FSA was 0.72±0.30 mg/dl in the clinical pregnancy

positive group and was 0.73±0.33 mg/dl in the clinical preg-
nancy negative group (p=0.944).

Discussion

The aim of our study was to investigate follicular fluid sialic
acid levels and the effect of follicular fluid sialic acid levels on
in vitro fertilization outcomes. We found a positive correlation
between the FF-TSA and immature oocytes. On the other
hand, there was no correlation between the FF-FSA levels
and number of immature oocytes. We also found no signifi-
cant difference in terms of follicular fluid sialic acid levels
among clinical pregnancy positive and negative groups.

Sialic acid (N-acetylneuraminic acid) is a nine-carbon
monosaccharide found at the ends of the carbohydrate chains
of glycoproteins and glycolipids. Sialic acid imparts negative
charges to glycoproteins. Due to its negative charge and hy-
drophilicity, it is involved in several physiological and patho-
logical processes including glomerular filtration, cell-to-cell
interaction, and virus binding [2]. Serum sialic acid levels
have been studied in various diseases and are associated with
disease activity including heart failure [11, 12], ischemic
stroke [11], and autoimmune diseases [13]. Sialic acid also
determines the metabolic clearance of glycoproteins, with less
acidic forms clearing more rapidly than those that are more
acidic [2].

In reproductive physiology, sialic acid contributes to the
acidity of zona-pellucida (ZP), which plays an important role
during sperm-oocyte interaction [14]. Sialic acid has been
investigated mainly in sperm-oocyte interactions; however,
its role in infertility is not very well known. Ganglioside is a
sialic acid-rich molecule, and the treatment of porcine oocytes
with ganglioside was reported to increase the nuclear matura-
tion rates in oocytes undergoing in vitro maturation [15]. In
another study, the characteristics of sugar residues changed

Table 1 Demographic and clinical data of the study population

N=87

Age (year)* 32.92±4.33

BMI (kg/m2)* 22.90±2.81

Duration of infertility (years)** 8.00 (1–20)

FF-TSA (mg/dl)* 76.68±25.77

FF-FSA (mg/dl)* 0.73±0.33

Day 3 FSH (mIU/mL)** 6.20 (2.8–13.0)

Day 3 LH (mIU/mL)** 3.67 (1.7–21.0)

Day 3 Estradiol (pg/mL)** 38.00 (9.50–67.0)

Day 3 Prolactin (ng/mL)** 16.70 (4.6–32.0)

Day 3 TSH (mIU/L)** 1.61 (0.3–4.2)

Total gonadotropin dose (IU)* 2748.56±1183.53

Estradiol on hCG day (pg/mL)** 1338 (298–2684)

Number of GV oocytes (n)** 1 (0–5)

Number of MI oocytes (n)** 0 (0–2)

Number of MII oocytes (n)** 5 (0–17)

Grade 1 embryos (n)** 1 (0–7)

Grade 2 embryos (n)** 1 (0–5)

Grade 3 embryos (n)** 0 (0–4)

Grade 4 embryos (n)** 0 (0–1)

Number of fertilized oocytes (n)* 4.56±3.51

Fertilization rate (%)* 54.8±25.4

BMI body mass index; FSH follicle stimulating hormone; LH luteinizing
hormone; hCG human chorionic gonadotropin; GV germinal vesicle;MI
metaphase I; MII metaphase II; FF follicular fluid; TSA total sialic acid;
FSA free sialic acid

*Normally distributed data are given as mean±SD. **Non-normally dis-
tributed data are given as median (interquartile range)

Assessed for eligibility (n= 115)

Excluded (n= 28)
Not meeting inclusion criteria (n= 20)
Declined to participate (n= 8)

Analysed (n= 65)

Clinical Pregnancy negative group (n= 65)

Analysed (n= 22)

Clinical Pregnancy positive group (n= 22)

Analysis

Follow-Up

Included in the study (n= 87)

EnrollmentFig. 1 Flow diagram
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during the maturation of buffalo oocytes and the levels of
sialic acid residues in glycosaminoglycans (GAGs) was
higher in large follicles compared to smaller follicles [5].
Bovine follicular fluid samples also showed different
sialylation of N-glycans during the stages of follicular

development. As the follicle develops, sialylated structures
on glycans decrease [6]. It is evident that sialic acid has a
broader role beyond sperm-oocyte interaction. However, in
human follicular fluid, sialic acid levels have not been exten-
sively studied.

Table 2 Correlations of FF-TSA
and FF-FSA with clinical and
embryological parameters

TSA FSA

r p value r p value

Age † 0.009 0.936 0.042 0.697
BMI † 0.082 0.444 −0.019 0.860
Duration of infertility † −0.020 0.852 −0.053 0.622
Day 3 FSH † −0.072 0.509 −0.106 0.329
Day 3 LH † −0.134 0.215 −0.064 0.556
Day 3 Estradiol † 0.196 0.074 0.015 0.893
Day 3 Prolactin † −0.086 0.437 0.053 0.630
Day 3 TSH † 0.145 0.189 −0.055 0.618
Total gonadotropin dose † 0.129 0.228 −0.072 0.502
Estradiol on hCG day † −0.025 0.874 −0.024 0.879
Number of GV oocytes § 0.282 0.006* 0.170 0.100
Number of MI oocytes § 0.229 0.025* −0.052 0.610
Number of MII oocytes § 0.087 0.40 −0.097 0.340
Number of oocytes underwent ICSI § 0.053 0.60 0.034 0.740
Number of fertilized oocytes § 0.091 0.38 −0.036 0.720
Number of total embryos § 0.097 0.34 −0.72 0.480
Fertilization rate † 0.177 0.097 0.047 0.659

†Pearson’s Correlation test, §Spearman Correlation test. FF follicular fluid; TSA total sialic acid; FSA free sialic
acid; BMI body mass index; FSH follicle stimulating hormone; LH luteinizing hormone;GV germinal vesicle;M1
metaphase I; M2 metaphase II; ICSI intracytoplasmic sperm injection. p value <0.05 is significant

Values in bold font are significant

Table 3 Comparison of
demographic and clinical data of
the clinical pregnancy positive
and negative groups

Clinical pregnancy
positive (n=22)

Clinical pregnancy
negative (n=65)

p value

Age (year) § 32.41±4.26 33.09±4.37 0.526
BMI (kg/m2) § 22.32±4.50 23.08±4.93 0.524
Duration of infertility (years) † 7 (1–14) 8 (1–20) 0.516
FF-TSA (mg/dl) § 86.1±35.19 73.64±22.15 0.064
FF-FSA (mg/dl) § 0.72±0.30 0.73±0.33 0.944
Day 3 FSH (mIU/mL) † 7.1 (3.6–12.4) 6.20 (4.2–9.4) 0.327
Day 3 LH (mIU/mL) † 3.76 (1.7–20) 3.67 (2.0–21) 0.920
Day 3 Estradiol (pg/mL) † 42 (9.5–67) 37 (11–56) 0.366
Day 3 Prolactin (ng/mL) † 16.70 (6.8–26.2) 16.70 (4.2–32.0) 0.171
Day 3 TSH (mIU/L) † 1.55 (0.4–3.9) 1.68 (0.4–4.2) 0.416
Total gonadotropin dose (IU) § 3507.95±1279.70 2499.21±1044.63 0.001
Estradiol on hCG day (pg/mL) † 1350 (680–2000) 1300 (310–2350) 0.244
Number of GV oocytes (n) † 1 (0–4) 1 (0–5) 0.919
Number of MI oocytes (n) † 0 (0–2) 0 (0–2) 0.601
Number of MII oocytes (n) † 4 (0–14) 5 (0–17) 0.875
Grade 1 embryos (n) † 1 (0–7) 1 (0–6) 0.528
Grade 2 embryos (n) † 2 (0–5) 1 (0–5) 0.805
Grade 3 embryos (n) † 0 (0–4) 0 (0–3) 0.281
Grade 4 embryos (n) † 0 (0–1) 0 (0–1) 0.233
Number of fertilized oocytes (n) § 2.68±1.91 4.91±3.80 0.010
Fertilization rate (%)§ 58.44±26.75 53.68±25.10 0.450

†Mann–Whitney U test, §t test. BMI body mass index; FSH follicle-stimulating hormone; LH luteinizing hor-
mone; hCG human chorionic gonadotropin;GV germinal vesicle;MImetaphase I;MIImetaphase II; FF follicular
fluid; TSA total sialic acid; FSA free sialic acid. *Normally distributed data are given as mean±SD. **Non-
normally distributed data are given as median (range). p value <0.05 is significant

Values in bold font are significant
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Oocyte maturation is a process starting from the GV of the
prophase to metaphase II (MII) of the second meiosis. In the
GV stage, the oocyte maturation became arrested in the pro-
phase of meiosis. GV and MI oocytes are classified as imma-
ture or early oocytes. At the end of the developmental process,
oocytes becamemature and ready to fertilize. Human cumulus
cells isolated from various stages of oocytes (GV to MII)
showed that transcriptomic profiles were different during oo-
cyte maturation [16]. We found a positive correlation between
the FF-TSA and immature oocytes. However, a correlation
between FF-TSA and MII oocytes was not observed. This
may be explained by the removal of sialic acid residues during
the process of their maturation.

The oocyte maturation involves a series of changes in the
oocyte as well as surrounding cumulus. GV breakdown and
cumulus expansion are vital steps throughout oocyte matura-
tion. During the cumulus expansion, hyaluronan accumulates
and interacts with CD44 receptors [17]. The extracellular do-
main of CD44 has binding motifs for hyaluronan [18].
Glycosylation of CD44 domain is important for its adhesion
to hyaluronan and terminal sialic acids of the domain have an
inhibitory effect on this binding [19]. The hydrolysis of the
terminal sialic acid residues enhances hyaluronan binding and
aids the oocyte maturation process.

Another explanation of this positive correlation between
immature oocytes and FF-TSA might be due to oxidative
stress encountered during the oocyte maturation [20]. The
oocyte maturation requires high energy. The ATP generation
by the mitochondrial electron transport chain during the mat-
uration process results in the production of reactive oxygen
species (ROS). The oocyte maturation may arrest if there is an
imbalance between the anti-oxidant and ROS, hampering
ATP production [21]. Sialic acid plays a role as a hydroxyl
radical scavenger and serum sialic acid concentrations are
found to be elevated during the inflammatory processes [12,
22]. Reports indicate that immature oocytes are more sensitive
to oxidative stress than mature oocytes [23]. In this study, FF-
TSA levels might be elevated in immature oocytes as a com-
pensatory mechanism against ROS.

The strength of our study is that it is the first study mea-
suring both total and free sialic acid levels in human follicular
fluid while exploring correlations of sialic acid with oocytes.
A possible limitation of this study is that we measured sialic
acid in a specific group of patients, namely women undergo-
ing GnRH agonist treatment with normal FSH levels affecting
the generalizability of the results.

In conclusion, FF-TSA levels positively correlated with
immature oocytes. This can be either as part of the normal
oocyte maturation or as a compensatory mechanism against
ROS during the oocyte maturation process. The relevance of
sialylated molecules in the reproductive system is indisput-
able. However, there is limited data on the role of sialic acid
as well as their expressions in women with infertility. Further

studies are required to explore the role of TSA and FSA in
oocyte maturation and infertility.
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