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ABSTRACT

Fertility — the ability to produce offspring - is considered
a prerequisite for the development and perpetuation of
species. Several factors may positively or negatively affect
one’s reproductive capabilities, such as regular exercises
and maintaining a healthy bodyweight, versus aging, obe-
sity, and stress.

Follicular fluid (FF) is a liquid composed primarily of hor-
mones, enzymes, anticoagulants, electrolytes, reactive
oxygen species and antioxidants, which fills the follicular
antrum and acts as an important mediator in the commu-
nication between cells in the antral follicle while bathing
and carrying nutrients to the oocyte. Thus, human FF is a
key element to the success of natural fertilization present
in every stage of the conception process, from the com-
munication between gametes to the development of fully
viable embryos, and a vital component in the occurrence of
spontaneous pregnancies. This literature review aimed to
describe the possible effects of human follicular fluid on the
natural fertilization process and to assess its role in follicu-
lar growth, oocyte quality, sperm capacitation, fertilization,
and early embryonic development.
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INTRODUCTION

Fertility — the ability to produce offspring - is consid-
ered a prerequisite for the development and perpetuation
of species (Simdes, 2010).

Several factors may positively or negatively impact
one’s childbearing capacity to greater or lesser extents.
Age may be a factor for women aged 30 or older, and to a
lesser degree to men above the age of 35 years. Addition-
ally, poor nutrition, obesity, stress, caffeine intake, drink-
ing, smoking, using illicit or medicinal drugs, exposure to
radiation, heavy metals, toxic chemicals and pollution may
negatively affect patients (Sharma et al., 2013).

On the other hand, regular exercises, maintaining
a healthy bodyweight, and having good eating habits
throughout life may protect one’s fertility and prevent de-
creases in reproductive function quality (Sharma et al.,
2013).

Fertilization occurs when the male and female gametes
meet in a complex process that involves several steps and
the participation of many factors. The process, however,
is quite similar among mammals and is accurately regu-
lated by species-specific gamete recognition mechanisms.
In humans, the process unfolds through various biochem-
ical reactions and with the aid of glycoproteins present in
the male ejaculate responsible for the interaction between
gametic cells (Kratz & Achcinska, 2011; Sullivan & Saez,
2013).

The antral follicle shelters the oocyte. For the oocyte to
be fit for fertilization it must reach the correct maturation
stage and have completed the processes of growth, capac-
ity and nuclear and cytoplasmic maturation, in a complex
and dynamic relationship developed between oocyte and
the antral follicle. The follicle features a specialized micro-
environment, responsible for ensuring the production of

female gametes with quality and integrity, providing sup-
port and supplying needs of the oocyte until it is released
for fertilization in the uterine tube (Hennet & Combelles,
2012).

The antral follicle comprises a specialized layer of ex-
tracellular matrix that surrounds the entire follicle called
the basal lamina, and two different types of somatic cells
forming the layers of the internal and external theca cells.
These layers are vascularized and delimit the follicle size.
The oocyte is protected by granulosa cells in the inner fol-
licular lining, forming the cumulus-oocyte complex (COC).
These cell layers play an active role in the regulation of
oocyte maturation. Gaps in the junctions of the COC allow
the passage of ions, metabolites, amino acids, glucose and
signaling molecules from the cumulus cells to the oocyte,
providing nutrients and energy substrates needed in the
development of the oocyte. At the center of the follicle
there is a cavity known as the follicular antrum, which is
completely filled by a liquid known as the follicular fluid
(FF) (Hennet & Combelles, 2012).

Ovarian folliculogenesis requires a constant balance
between the regulating extra and intra-ovarian factors to
ensure that the process occurs correctly. Oogenesis also
depends largely on the performance of these factors - par-
ticularly the ones present in the FF. Changes in the rela-
tionship between these factors might result in abnormal
folliculogenesis and poorer-quality oocytes (Resende et al.,
2010).

The FF is formed from two sources, namely the blood-
stream, connected to some thecal capillaries present in the
cortical region of the ovary, and the components secret-
ed by the cell layers that are within the follicle, especially
the granulosa cells (Rodgers, 2010; Hennet & Combelles,
2012). At the moment of natural ovulation, a large amount
of FF is expelled with the oocyte toward the uterine tube
(Wilding et al., 2006).

This fluid is primarily composed of protein and steroids
hormones, including follicle stimulating hormone (FSH),
luteinizing hormone (LH), growth hormone (GH), human
chorionic gonadotropin (hCG), progesterone and estradiol;
cytokines; enzymes; anticoagulants; electrolytes; reactive
oxygen species (ROS); enzymatic and non-enzymatic an-
tioxidants, including vitamin E, catalase and melatonin;
growth factors such as epidermal growth factor (EGF), EGF
like growth factor (EGF-like) and transforming growth fac-
tor alpha (TGF-a); metabolites such as amino acids and
lipids that accumulate within the oocyte, helping its differ-
entiation; and fatty acids (Hsieh, Zamah, Conti, 2009; Re-
sende et al., 2010; Hennet & Combelles, 60. 2012; Shaak-
er etal. 2012).

These compounds are important mediators of the
communication between different types of cells in the an-
tral follicle, in addition to transporting elements and nutri-
ents to the oocyte and bathing the oocyte and the fimbria
of the uterine tube near the ovary (Hennet & Combelles,
2012; Emori & Drapkin, 2014). To do so, the FF must have
good fluidity so that the supply of nutrients to the oocyte
is constant and sufficient to ensure its good quality. There-
fore, the FF must have a good interaction with the trans-
port molecules present in the cells surrounding each of

Received October 01, 2015
Accepted January 27, 2016

38



Review Article

the oocytes (Rodgers, 2010). These qualities also allow the
use of FF as a supplement to in vitro fertilization medium
(Shaaker et al., 2012).

MATERIALS AND METHODS

This literature review included relevant scientific
publications on the subject matter available in databas-
es PubMed and SCielo. The search was performed using
keywords in Portuguese and English. The selected papers
were published within the last ten years and included some
historical content on the subject. Literature reviews and
experimental works were included.

Words used in the search: Human follicular fluid, antral
fluid, fertilization, sperm capacitation.

RESULTS

The initial search yielded a list with 25 papers, of which
12 were selected. Eight were literature reviews, three were
experimental studies, and one was a case-control study.
The selected studies discussed the importance of human
FF, its elements, and impact in steps contributing to suc-
cessful fertilization.

According to Table 1, FF has a more prominent role
in the maturation and oocyte quality steps, indicating a
constant communication between the fluid and the oo-
cyte during its development. The two events were cited
in seven of the 12 selected papers. Follicular growth and
fertilization were cited in six papers each; the oocyte and
sperm capacitation steps were mentioned in five papers
each; early embryonic development was mentioned in four
papers; and oocyte nutrition in one of the papers.

The selected literature reviews generally addressed
the formation and activity of the FF, its importance, and
connection with the fertilization process, while eliciting the
main FF components and the ways in which each oper-
ates and influences the various necessary steps within the
processes required for fertilization and development of a
healthy embryo.

In the experimental study by Getpook & Wirotkarun
(2007), sperm motility preservation and stimulation was
assessed at FF concentrations ranging from 20% to 100%.
The authors found that all evaluated semen samples had
significant sperm motility stimulation in all tested FF con-
centrations, and that the effect remained for up to 12
hours after the start of stimulation analysis. Control group
samples not given FF had unsatisfactory motility results.

Caille et al. (2012) looked into the mechanisms involved
in the acrosome reaction induced by FF and the possible
influence of progesterone in this process in sperm that had
been previously treated with peritoneal fluid. The authors
found that the progesterone present in FF was responsible
for inducing this reaction. The authors also concluded that
even in the presence of FF and progesterone, the peritone-
al fluid, which also plays a role in the sperm capacitation
process, may exert an inhibitory effect on sperm, thus re-
ducing the capacity of these gametes to respond to stimu-
lus for the acrosome reaction.

Shaker and collaborators (2012) assessed FF samples
taken from a group of 100 women undergoing assisted
reproduction cycles. The authors used chromatography to
analyze saturated, mono and polyunsaturated fatty acids
present in these samples. They observed that these fatty
acids in FF interacted directly with the oocyte, with ben-
eficial or detrimental effects depending on whether their
levels were appropriate or very high in each cycle.

The case-control study published by Resende et al.
(2010) looked into the testosterone, androstenedione, es-
tradiol, progesterone and B-hCG levels present in the FF
aspirated from the small and large follicles of two groups
of women undergoing assisted reproduction cycles. The
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case group comprised individuals diagnosed with Polycys-
tic Ovary Syndrome (PCOS) and anovulatory cycles, while
the control group had women with ovulatory cycles and
mild male factor infertility. The differences found in the
levels of each element were due to the difference in the
sizes of each follicle during the cycle and occurred in both
groups of patients. The levels of testosterone and proges-
terone were altered in the FF of women with PCOS when
compared to women with ovulatory cycles, whereas the
other three elements analyzed had similar levels in the
individuals of both groups.

DISCUSSION

The data show that the FF contributes positively to the
set of studied events, particularly to the development of
oocytes with good quality and the formation of a properly
capacitated sperm subpopulation to enable successful sub-
sequent natural fertilization.

The role of the FF in oocyte and sperm development for
purposes of fertilization was presented and discussed in
the selected papers.

The analysis of metabolites produced by the FF may
be used as a strong noninvasive marker of oocyte quality,
in addition to shedding light on the interaction between
the FF, the oocyte, and the elements that determine and
aid in proper oocyte development. The FF was shown to
have direct impact on the growth and maturation of oo-
cytes - factors deemed essential for good fertilization and
the development of good embryos (Revelli et al., 2009;
Rodgers & Irving-Rodgers, 2010; Ola & Sun, 2012; Hennet
& Combelles, 2012).

Glycodelin is present in the FF and can also be found in
the granulosa cell layer and in the uterine tubes. Glycodelin
works as an immunosuppressant and protects the sperm
against possible responses from the female immune sys-
tem. The gamete fertilization potential is increased when
there is a good interaction between sperm and glycodelin.
Furthermore, this protein prevents an early acrosome re-
action, assists in nutrition and sperm capacitation, influ-
ences the selection of sperm with better morphology and
the migration of sperm towards the oocyte for subsequent
fertilization (Seppala et al., 2007).

The FF is responsible for stimulating the acrosome re-
action and preserving and improving sperm motility, in ad-
dition to playing a role in the sperm adaptation process in
the final stage preceding fertilization (Getpook & Wirot-
karun, 2007). The progesterone present in the FF also as-
sists in the occurrence of the acrosome reaction as well
as in sperm hyperactivation and chemotaxis (Caille et al.,
2012).

The peritoneal fluid filling the peritoneal cavity associ-
ated with FF is an active element in the formation of the
environment that houses the ovulation process, transport
and survival of gametes, oocyte-sperm interaction, early
embryonic development and implantation. Furthermore, in
sperm capacitation, which occurs as sperm passes by the
uterine tube, sperm are first exposed to the peritoneal flu-
id to then come into contact with the FF. In the acrosome
reaction that occurs in vivo, peritoneal fluid also acts as
a possible regulator, preventing sperm from suffering an
early loss of its acrosome, which would preclude the con-
clusion of the fertilization process (Caille et al., 2012).

Chemotaxis and its relationship with the FF are also im-
portant in the conception process. This event allows sperm
to be drawn closer to the oocyte to fertilize the female
gamete. In this process, the initially circular motion of the
tail of the sperm cells must be hyperactivated. During che-
motaxis, the sperm cell becomes faster, stronger and with
wavy movements in the tail (Yoshida & Yoshida, 2011).

In the case of humans, the attraction regulator is not
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Table 1: Studies addressing the role of the follicular fluid (FF) in events related to fertilization.

Authors F.G. Ovulation O.N. M.Q. S.C. Fertilization E.E.D.
Seppala et al. (2007) X
Getpook & Wirotkarun (2007)** X X
Revelli et al. (2009) X X X X
Rodgers & Irving-Rodgers (2010) X X
Resende et al. (2010)* X X X X
Fujimoto et al. (2010) X X X
Yoshida & Yoshida (2011) X X
Caille et al. (2012)** X
Shaaker et al. (2012)** X X X X
Hennet & Combelles (2012) X X X X
Ola & Sun (2012) X X
Tamura et al. (2013) X X X X X

Legend: X — FF contributes to the occurrence of the event; Empty — the author has not established any correlations between the FF and the
event; F.G. — Follicular growth; O.N. — Oocyte nutrition; M.Q. — Maturation and oocyte quality; S.C. — Sperm capacitation; E.E.D. — Early em-
bryonic development; (*) — Case-control study; (**) — Experimental study.

the oocyte, but the follicular fluid with the participation
of progesterone and calcium present in the intracellu-
lar medium. About 2% to 12% of the ejaculated sperm
have a chemotactic response to progesterone and this is
the sperm subpopulation considered able for fertilization
(Yoshida & Yoshida, 2011).

Metabolic action of the FF also includes the participa-
tion of High Density Lipoprotein (HDL), one of its most
abundant components. The presence and amount of these
particles in the FF are influenced by the follicular basal
lamina and by perifollicular vascularity. This hematofollic-
ular barrier acts as a filter, allowing the selective diffusion
of various proteins and small molecules (Fujimoto et al.,
2010).

This lipoprotein contributes to the intra-follicular ho-
meostasis of cholesterol, serving as a substrate for the
synthesis of progesterone. HDL also assists actively in
good oocyte and embryo development, being positively re-
lated to the cleavage rates of embryos in their early stages
of growth and not associated with embryonic fragmenta-
tion (Fujimoto et al., 2010).

While the FF works as a microenvironment of the
antral follicle, the presence of antioxidants and reac-
tive oxygen species in this medium allows these two el-
ements to participate in the process of interrupting and
resuming the phases of meiosis, thereby modulating
the maturation of oocytes (Hennet & Combelles, 2012).
The HDL particles in the FF can moderate the action of free
radicals, thereby limiting oxidative damage in cells and
other lipoproteins (Fujimoto et al., 2010).

However, in women who have difficulty getting preg-
nant and diagnosed with endometriosis, for example, the
antioxidant activity of the FF occurs less efficiently than in
women with PCOS or diagnosed with tubal occlusion alone.
When the ability of FF to inhibit lipid peroxidation is im-
paired, there may be a decline in oocyte quality in patients
with endometriosis. Increases in the levels of oxidative
stress in the FF may also impair fertilization capacity and
embryo development (Huang et al., 2014).

After being secreted by the pineal gland, the mel-
atonin that comes into contact with the FF through
the bloodstream works in reproduction as an anti-
oxidant with higher concentrations in larger follicles.
Melatonin can reduce cellular oxidative stress and contrib-

ute to oocyte maturation, while participating in the process
of ovulation, luteinization of granulosa cell layer, early em-
bryonic development and progesterone production by the
corpus luteum, in addition to increasing fertilization and
pregnancy rates (Tamura et al., 2013).

The fatty acids contained in the phospholipids of the
FF may be absent at certain times as their levels vary.
These changes reflect the eating habits of women during
the different seasons of the year, and therefore impact-
ing metabolism and fertility. The levels of saturated fatty
acids found in the FF are higher in oocytes and granulosa
cells in the summer season while the levels of mono and
polyunsaturated fatty acids are higher during winter, as a
consequence of changes in eating habits throughout the
year (Shaaker et al., 2012).

These fatty acids come into contact with the oocyte
through the FF circulation and are incorporated by oocyte
phospholipids. Then, they start to contribute to oocyte
maturation and quality and early embryonic development,
thus improving the success rates of in vitro fertilization
procedures. However, in cases of obese or overweight pa-
tients who need to lose weight before starting IVF, exces-
sively high fatty acid levels even after the achievement of
a healthy body mass index (BMI) may have a detrimental
effect on patient fertility. Linoleic acid, for example, has
been positively related to oocyte maturation, whereas ar-
achidonic acid has been negatively related to fertilization
rates. Despite these variations, fatty acids are very import-
ant in human FF metabolism and the phospholipids in it
are among the main components of body lipid metabolism
(Shaaker et al., 2012).

In patients with PCOS, inadequate levels of ele-
ments present in the FF such as testosterone, andro-
stenedione, estradiol, progesterone and B-hCG, are in-
dicative of inefficient follicular development and may
adversely affect oocyte quality and fertilization rates.
One example is when follicles are found to be small and
immature (below 14 millimeters in diameter) in a medi-
um with high levels of testosterone. Conversely, higher
levels of progesterone in the fluid of large mature folli-
cles (above 14 millimeters in diameter) is due to follicu-
lar maturation stage. The low levels of progesterone see
in women with PCOS, however, indicate they may have
impaired production and secretion of the hormone result-
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ing from damaged follicular cells (Resende et al., 2010).

When compared to healthy women, individu-
als with PCOS have similar levels of androstenedi-
one and estradiol in the FF - regardless of follicle size
- and similar pregnancy rates based on B-hCG levels.
These findings showed that assisted reproduction tech-
niques might be a good option for women with PCOS hav-
ing trouble becoming pregnant (Resende et al., 2010).

The papers included in this review showed that human
FF is a key element in the success of natural fertilization,
as it acts in all stages of the conception process, from
the communication between gametes to the development
of fully viable embryos, thus enabling the occurrence of
spontaneous pregnancy. The FF influences mainly oocyte
growth, nutrition and maturation, all of which are key fac-
tors in fertilization. FF proteomic and metabolomic anal-
yses are important non-invasive tools used to evaluate
potential biomarkers that can be used as oocyte quality
indicators and predictors for embryo quality and early de-
velopment. Furthermore, the FF has been directly linked to
sperm capacitation as the entity responsible for the regu-
lation and maintenance of male gametes during the main
steps of fertilization.
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