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Abstract
Ovulation is a complex biological process essential for female fertility, driven by 
the luteinizing hormone  (LH) surge and involving a cascade of molecular events 
that lead to follicular rupture and oocyte release. This process shares characteristics 
with acute inflammation, including the generation of reactive oxygen species  (ROS) 
by E2, immune cell recruitment, and tissue remodeling. E2 enhances mitochondrial 
ROS production through integrin‑dependent signaling, regulating key ovulatory events 
such as cumulus expansion and extracellular matrix breakdown. The LH surge triggers 
follicular luteinization and progesterone production, which are critical for preparing 
the endometrium for implantation and modulating inflammation. Progesterone, acting 
through its receptor  (PGR), suppresses ROS‑induced inflammation by inhibiting the 
NF‑κB pathway, ensuring controlled inflammatory responses. However, a transient 
decline in progesterone levels following the LH surge initiates acute inflammation, 
leading to follicle rupture and ovulation. This process involves the upregulation 
of matrix metalloproteinases and other proteases that degrade the follicular wall, 
facilitated by structural changes such as cumulus expansion and decellularization at the 
follicular apex. Post‑ovulation, the remaining follicular cells undergo luteinization to 
form the corpus luteum, which produces progesterone to support early pregnancy. The 
ovulation wound heals rapidly through a process resembling ordinary wound healing 
where follicular fluid plays a dual role by promoting ovulation wound healing and 
when spilled into the pelvic cavity, potentially contributing to postoperative adhesions. 
Understanding the molecular mechanisms of ovulation provides valuable insights into 
fertility promotion, contraception development, and the prevention of reproductive 
disorders.
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development of female reproductive disorders and even 
cancers  [1].

This review aims to explore two aspects of mechanisms 
involving ovulation, the mechanism of follicle maturation 
and rupture, and the mechanism of postovulatory wound 
repair, as well as the implications in the issues of fertility, 
sterility, and disease management. Understanding this 
dynamic molecular interplay before and after ovulation may 
offer new insights into fertility promotion, contraception, and 

Introduction

Ovulation is a highly coordinated biological process 
essential for female fertility, driven by the luteinizing 

hormone  (LH) surge and a cascade of molecular events 
that lead to follicular rupture and oocyte release. This 
process shares key characteristics, including the generation 
of reactive oxygen species  (ROS) by estrogen  (E2), 
acute inflammation responses, immune cell recruitment, 
and tissue remodeling. Among them, E2 increases ROS 
generation in mitochondria. ROS plays a crucial role in 
regulating ovulatory signaling, such as steroidogenesis, 
cumulus expansion, and extracellular matrix  (ECM) 
breakdown. Both ROS and antioxidants as well as 
E2 and progesterone  (P4) work together to regulate 
ovulation. Imbalances between them can contribute to the 
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the prevention and management of diseases and sequelae 
related to ovulation.

The role of luteinizing hormone 
surge in follicular luteinization and 
steroidogenesis

The LH surge is a pivotal event in the ovulatory process, 
initiating the transformation of the ovarian follicle into 
the corpus luteum  (CL) and modulating steroid hormone 
production. Prior to the LH surge, granulosa cells within the 
follicle are primarily responsible for estrogen (E2) synthesis. 
These cells convert androgens, produced by theca cells, into 
E2s through the enzyme aromatase. Theca cells, located in 
the outer layer of the follicle, synthesize androgens under 
the influence of LH, providing the necessary substrates 
for estrogen production. However, the LH surge induces 
profound changes in both cell types. Granulosa cells 
undergo luteinization, differentiate into luteal cells, and 
shift their steroidogenic output from E2 to progesterone. 
Concurrently, theca cells contribute to the formation of 
the CL and continue to supply androgens, which support 
ongoing steroidogenesis. This transition is essential for 
the establishment of the CL, which plays a critical role 
in maintaining early pregnancy through the secretion of 
progesterone [2‑4].

Before luteinizing hormone surge, E2 
induces a redox balance through reactive 
oxygen species and antioxidant responses

Before the LH surge, estrogen  (E2) primes the ovarian 
follicle for ovulation by establishing a delicate balance 
between oxidative signaling and antioxidant defense [5,6].

E2 activates NOX4 to induce reactive oxygen species 
production

E2 promotes the generation of mitochondrial ROS), 
particularly hydrogen peroxide  (H2O2), which acts as a 
critical signaling molecule for ovulatory events such as 
cumulus expansion and steroidogenesis  [7]. This ROS 
production is mediated by NADPH oxidase 4  (NOX4) and 
is triggered through anchorage‑  and integrin‑dependent 
signaling, independent of classical estrogen receptor  (ER) 
activation  [5,8]. ROS accumulation is enhanced when 
antioxidant systems like catalase are inhibited [5,9], supporting 
its role as a regulated signaling mediator. However, excessive 
ROS can induce oxidative damage, necessitating tight control 
mechanisms.

E2 simultaneously enhances antioxidant defenses to 
maintain redox homeostasis

To counteract potential oxidative stress, E2 concurrently 
activates ER‑dependent transcription of antioxidant enzymes, 
including catalase  (CAT), extracellular superoxide dismutase, 
and manganese superoxide dismutase [10‑15]. These enzymes 
function to neutralize superoxide and convert H2O2 into 
water, thus preserving cellular integrity. In breast cancer 
cells, E2 was shown to increase superoxide dismutase  (SOD) 
1 expression, preventing ROS‑induced protein damage  [15]. 

Moreover, E2 directly protects mitochondria, which 
express ERs and respond to E2 by upregulating antioxidant 
pathways [12,16,17].

Proteomic studies of human follicular fluid confirm the 
enrichment of antioxidant enzymes such as CAT, SOD1, 
SOD3, glutathione transferase, and protein disulfide 
isomerase  [18‑20]. These systems work in concert to regulate 
ROS levels and protect granulosa cells during follicular 
maturation. Thus, E2 establishes a physiological redox 
balance that supports both signaling and cellular protection in 
preparation for ovulation [Figure 1].

After luteinizing hormone surge, E2 
continuously builds reactive oxygen 
species to prepare the follicle for 
ovulation

Following the LH surge, ROS production in granulosa 
cells intensifies and becomes essential for the structural and 
functional changes required for ovulation  [7,21]. E2 rapidly 
increases intracellular ROS levels, predominantly H2O2, through 
integrin‑dependent mitochondrial signaling. These ROS 
promote cumulus expansion and oocyte release. Experimental 
studies show that antioxidants suppress LH‑induced cumulus 
mucification and progesterone production, indicating the 
necessity of ROS for follicular remodeling [7]. Moreover, H2O2 
can mimic LH activity by inducing cumulus‑oocyte complex 
expansion and activating key ovulatory signaling pathways, 
including EGFR phosphorylation and the p42/44 MAPK 
cascade, which contributes to the proliferation, differentiation, 
and enzyme synthesis in the granulosa cells and is necessary 
for the resumption of meiosis in oocytes  [7,22,23]. Notably, 
this ROS generation occurs independently of ER activation 
and is mediated through anchorage‑dependent mitochondrial 
mechanisms [5].

Figure 1: Before LH surge, Follicle‑stimulating hormone (FSH) regulates E2 and 
antioxidants with a redox balance in granulosa cells. FSH binds to its receptor (FSHR) 
in granulosa cells, activating the protein kinase A signaling pathway, which 
subsequently regulates β‑catenin  (CTNNB1). CTNNB1 promotes the expression 
of aromatase, an enzyme responsible for converting androgens into E2. E2 directly 
promotes ROS production, leading to the activation of the NF‑κB signaling pathway. 
Concurrently, by binding to ER, E2 enhances antioxidant capacity, thus maintaining 
a balance between ROS and antioxidants to ensure cellular stability and function
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The anti‑inflammatory role of progesterone 
after luteinizing hormone surge

The LH surge plays a critical role in inducing luteinization 
and progesterone  (P4) synthesis within the ovarian follicle. 
On binding to its G protein‑coupled receptors on granulosa 
and theca cells, LH activates intracellular signaling 
pathways that elevate cyclic AMP  (cAMP) levels. This, 
in turn, stimulates protein kinase A  (PKA), leading to the 
upregulation of key steroidogenic enzymes, including 
cholesterol side‑chain cleavage enzyme  (CYP11A1) 
and 3β‑hydroxysteroid dehydrogenase  (3β‑HSD). These 
enzymatic changes drive the conversion of cholesterol into 
progesterone, marking the transition of theca and granulosa 
cells into luteal cells. The resulting increase in progesterone 
production is essential for preparing the endometrium for 
potential embryo implantation as well as the rupture of the 
follicle.

P4 serves a vital anti‑inflammatory role by mitigating the 
oxidative stress induced by E2‑ROS accumulation within the 
follicle. By modulating redox‑sensitive signaling cascades, 
P4 establishes a transiently controlled inflammatory milieu 
that supports ovulation without tissue damage. This dual role 
of LH‑induced progesterone production  –  supporting both 
reproductive readiness and follicular homeostasis  –  highlights 
the hormone’s importance in ovarian physiology.

Progesterone receptor‑mediated 
repression of nuclear factor kappa 
B signaling restores post‑ovulatory 
homeostasis

Progesterone exerts its anti‑inflammatory effect through the 
progesterone receptor (PGR), whose expression is upregulated 
by LH  and  E2/ER in mural granulosa cells. Activated PGR 
suppresses prostaglandin synthesis by downregulating 
prostaglandin‑endoperoxide synthase 2  (PTGS2), also known 
as cyclooxygenase‑2  (COX‑2), and restores IκB levels, 
thereby inhibiting NF‑κB activation  [24‑28]. This antagonizes 
E2/ROS‑driven NF‑κB signaling, ensuring that ovulatory 
inflammation is limited to a brief and controlled duration, 
preventing excessive tissue damage [Figure 2].

This transient “pre‑destructive inflammation control” 
mechanism is not unique to ovulation  –  it also occurs before 
menstruation and parturition, highlighting the P4/PGR axis 
as a universal gatekeeper that curtails inflammation before 
reproductive tissue breakdown [2,3,24‑28].

Falling of progesterone
Studies in various animal models have demonstrated that 

progesterone levels exhibit a transient decline following the 
initial rise after the LH surge, reflecting the dynamic process 
of luteinization. In rabbit ovarian follicles, P4 levels rise 
within 1–3  h after human chorionic gonadotropin  (hCG) 
administration, peaking around 3  h after mating and then 
decreasing  [29,30]. In ruminants such as cattle and sheep, 
progesterone levels have been observed to fluctuate within 
24–48  h postovulation. This transient decline is associated 

with the incomplete vascularization and steroidogenic enzyme 
activity during the early stages of luteal formation  [31,32]. 
In rodent models, similar patterns have been reported, where 
progesterone secretion initially rises in response to the LH surge 
but temporarily decreases as luteal cells undergo functional 
maturation  [3]. In vitro studies using granulosa cell cultures 
further support this phenomenon, showing that progesterone 
production may fluctuate due to the gradual upregulation of 
steroidogenic enzymes  (e.g.,  3β‑HSD) and the dependence on 
sustained LH stimulation  [33]. These findings highlight the 
transitional nature of luteinization, where the temporary decline 
in progesterone is a physiological response to the incomplete 
functional and structural maturation of the CL.

Progesterone withdrawal triggers acute 
inflammation and subsequent ovulation

The temporary decline in P4 following its LH‑induced rise 
removes its anti‑inflammatory restraint on the preovulatory 
follicle, thereby initiating a localized, acute inflammatory 
response. Progesterone, acting via its nuclear receptor  (PGR), 
typically suppresses oxidative and inflammatory stress 
by upregulating antioxidant enzymes such as SOD and 
glutathione peroxidase, and by stabilizing IκB to inhibit 
NF‑κB activation  [28,34]. Withdrawal of P4 relieves this 
inhibition, enabling E2‑induced ROS to activate the IKK/
NF‑κB pathway, which in turn promotes transcription of 
matrix metalloproteinases  (MMPs), ADAMTS proteases, 
and COX‑2  –  all essential for follicular wall breakdown and 
oocyte release [Figure 3].

This controlled inflammatory switch is a recurring 
mechanism in female reproduction, governing the tissue 
breakdown required for ovulation, menstruation, and 
parturition. In each of these contexts, the P4/PGR axis ensures 
timely and spatially restricted inflammation, reinforcing its 
central role in reproductive homeostasis and success  [28,35]. 
In summary, this PGR‑mediated regulation limits ovulatory 
inflammation to a short, controlled period [36].

Figure 2: After the LH surge, E2‑induced ROS activates the IKK/NF‑κB pathway 
by promoting IκB degradation. Simultaneously, LH stimulates progesterone (P4) 
synthesis through the LHR–cAMP–PKA–CYP11A1/3β‑HSD axis. P4, via PGR 
activation, restores IκB and suppresses NF‑κB signaling, thereby resolving 
inflammation and preserving luteal cell function. This E2–ROS–NF‑κB and 
P4–PGR–IκB balance ensures a tightly regulated inflammatory transition during 
ovulation
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Structural changes leading to follicle 
rupture and ovulation

The remodeling of the ovarian follicle ECM is a critical 
process for both ovulation and the subsequent vascularization 
of the CL. Under the influence of follicle‑stimulating 
hormone  (FSH), preovulatory follicles undergo rapid growth, 
forming a fluid‑filled antral cavity. These follicles then 
become highly responsive to the mid‑cycle LH surge, which 
coordinates oocyte maturation, cumulus expansion, follicular 
rupture, and luteinization [37].

Remodeling of the extracellular matrix
At the LH surge peak, LH receptor activation on granulosa 

cells stimulates adenylyl cyclase, initiating the breakdown of the 
ECM across multiple follicular layers, including the theca interna, 
theca externa, and tunica albuginea. The degradation process 
is tightly regulated by MMPs and their inhibitors  (TIMPs), 
produced by cumulus cells, oocytes, and surrounding stromal 
cells. These proteolytic activities are essential for weakening the 
follicular wall and enabling oocyte extrusion [38‑41].

Cumulus mucification and follicle expansion
A key event in ovulation is the LH‑induced mucification 

of the cumulus‑oocyte complex  (COC). In response to the 
LH surge, cumulus cells secrete large amounts of hyaluronic 
acid  (HA), a glycosaminoglycan that forms a hydrated matrix 
around the oocyte. This process, known as cumulus expansion, 
is mediated by the upregulation of HA synthase 2 and the 
downregulation of HA‑degrading enzymes. The accumulation 
of HA increases the hydrostatic pressure within the follicle, 
promoting rapid tissue remodeling and creating a pathway for 
the oocyte to exit the follicle. Cumulus expansion also ensures 
that the oocyte is surrounded by a protective matrix, which is 
crucial for its survival and fertilization [2,26].

Decellularization at the apex of the follicle
Successful ovulation requires precise structural changes at 

the follicular apex, where a localized breach, known as the 
stigma, forms to release the oocyte. This process involves 
the breakdown of the ECM within the granulosa, theca, and 
ovarian surface epithelium  (OSE) layers  [Figure  4]. The LH 
surge upregulates proteases such as MMPs and ADAMTS‑1, 
which degrade collagen and other ECM components, 
weakening the follicular wall  [40,41]. Concurrently, apoptosis 
of the OSE, mediated by pro‑apoptotic factors like Fas ligand 
and caspase‑3, creates a focal point for rupture [42].

The stigma formation is further supported by localized 
inflammation and vascular changes. Leukocytes infiltrate 
the apical region, releasing additional proteases and ROS 
that enhance ECM degradation  [43]. Increased hydrostatic 
pressure from peri‑follicular vessel leakage, combined with 
enzymatic activity, culminates in follicular rupture  [26]. 
These coordinated mechanisms ensure the precise and timely 
release of the oocyte during ovulation. Follicular rupture is 
initiated at the apex through coordinated ECM degradation 
and targeted cell death. The LH surge upregulates MMPs and 
ADAMTS‑1, which disassemble collagen and proteoglycans 
at the granulosa, theca, and ovarian surface epithelium (OSE). 
Simultaneously, apoptosis of OSE cells  –  mediated by Fas 
ligand and caspase‑3  –  thins the apical region, forming a 
localized rupture site known as the stigma [40‑42].

Leukocyte infiltration into this area amplifies inflammation 
by releasing cytokines, ROS, and proteolytic enzymes. This 
promotes further ECM breakdown and increases vascular 
permeability, which raises intrafollicular hydrostatic pressure. 
These combined processes culminate in the timely and 
site‑specific rupture of the follicle, ensuring precise oocyte 
release [26,43].

Luteinization of the mural follicle
While decellularization facilitates the formation of the 

apical rupture site, the remaining mural granulosa and theca 

Figure 3: Mechanism of follicle rupture following LH surge, driven by transient 
progesterone withdrawal. In granulosa cells, E2‑induced ROS activate the 
IκB kinase  (IKK), promoting IκB degradation and NF‑κB translocation. LH 
stimulates P4 synthesis, which normally suppresses NF‑κB via PGR‑mediated 
IκB stabilization. However, P4 withdrawal lifts this inhibition, resulting in the 
upregulation of MMPs, ADAMTS, and COX‑2, facilitating follicular rupture

Figure 4: Follicle apex decellularization and stigma formation before rupture (Modified 
from [44]). Representative electron micrographs showing the progressive changes in 
the follicle wall structure leading up to ovulation. (a) Before the LH surge: the follicle 
wall remains intact, with the ovarian surface epithelium (OSE), tunica albuginea (TA), 
theca externa (TE), theca interna (TI), basement lamina (BL), and granulosa cells (GC) 
visible. (b) 1–2 h before rupture: wall thinning and OSE disruption begin. (c) Just 
before rupture: ECM fragmentation facilitates oocyte release. Red arrows indicate 
rupture direction

cba



Chen and Chu / Tzu Chi Medical Journal 2025; 37(4): 351‑359

� 355

cells undergo luteinization to form the CL. Granulosa cells 
cease proliferating, enlarge  (hypertrophy), and accumulate 
lipid droplets that supply cholesterol for steroid hormone 
synthesis. The disruption of the granulosa cell basal lamina, 
coupled with the production of prostaglandins and vascular 
growth factors by granulosa and theca cells, attracts new 
capillary growth into the previously avascular granulosa cell 
layer. Stromal vessels invade the granulosa layer, forming 
an extensive capillary network that ensures the delivery of 
nutrients and hormones to the developing CL [2,3].

Proteases involved in follicle rupture
Proteolytic enzymes are central to the controlled degradation 

of the ECM during ovulation. These enzymes coordinate with 
hormonal signals and local inflammatory cues to facilitate 
follicular rupture. Multiple classes of proteases  –  including 
MMPs, ADAMTS, and plasminogen activators  –  converge in 
a tightly regulated cascade.

MMP‑2 and MT2‑MMP in ECM degradation
MMPs, including collagenases, gelatinases, stromelysins, 

and membrane‑type  MMPs, play a critical role in degrading 
specific components of the ECM during follicle rupture. 
These enzymes are regulated by tissue inhibitors of 
metalloproteinases  (TIMPs) and are present throughout 
follicular development, influencing follicular expansion 
and atresia  [40,41]. In medaka, a small freshwater fish, 
MMP‑2  (gelatinase A) hydrolyzes type  IV collagen in the 
basement membrane between the granulosa and theca layers, 
whereas membrane‑type  2 MMP  (MT2‑MMP and MMP15) 
degrades type  I collagen in the theca cell layer. In addition, 
MT1‑MMP and TIMP‑2 regulate the activity of MMP‑2, 
highlighting the complex interplay of proteases in follicular 
wall degradation [45].

ADAMTS‑1 in ECM remodeling
ADAMTS‑1  (a disintegrin and metalloproteinase with 

thrombospondin‑like repeats‑1) is a key metalloprotease 
regulated by LH and PGR signaling. It localizes to the 
ovulatory stigma and degrades proteoglycans such as versican 
and brevican, which are induced by the LH surge in granulosa 
and theca cells. ADAMTS‑1 also activates epidermal growth 
factor‑like peptides (EGFp), promoting cumulus expansion and 
follicular wall remodeling  [41,43]. In ADAMTS‑1 knockout 
mice, the invagination of the thecal layer and associated 
blood vessels does not occur, and versican  –  a key ECM 
component  –  fails to be cleaved. These defects highlight the 
essential role of ADAMTS‑1 in remodeling follicular structure 
and enabling successful ovulation [43].

Urokinase‑type plasminogen activator‑1  (Plau1)/plasmin 
system

In species such as medaka  (a small freshwater fish), 
follicular rupture involves a two‑step proteolytic process: 
urokinase‑type plasminogen activator‑1  (Plau1) activates 
plasmin, which initiates ECM proteolysis and also activates 
MMPs. This cascade is tightly controlled by inhibitors 
including plasminogen activator inhibitor‑1 and tissue inhibitor 
of metalloproteinase‑2b, ensuring controlled and precise ECM 
degradation [45,46].

Source of lytic enzymes for follicle rupture
Leukocytes are a major source of proteases and other 

factors involved in ECM remodeling and angiogenesis 
during ovulation. Single‑cell RNA sequencing has identified 
leukocyte‑derived factors such as cytokines, MMPs, ADAMs, 
ADAMTSs, and TIMPs, which influence granulosa cell 
function and promote follicular rupture. For example, 
leukocyte‑specific expression of CD68, IL1B, and MMP9 
has been confirmed in human follicle tissues collected before 
and after hCG administration. These findings highlight the 
critical role of immune cells in regulating ovulation and 
luteinization  [26,43]. Together, these protease systems create 
a temporally coordinated enzymatic environment that weakens 
the follicular wall, promotes cumulus dissociation, and 
facilitates oocyte release. Their spatial regulation by hormonal 
and immune inputs underscores the complexity – and potential 
therapeutic manipulability – of ovulatory tissue remodeling.

Post‑ovulatory reorganization and tissue 
repair

Ovulation concludes with follicular rupture, which is 
immediately followed by a tightly orchestrated process of 
tissue reorganization and wound healing. These events ensure 
not only the restoration of ovarian integrity but also the 
endocrine transition toward luteal function.

Luteinization: Formation of the Corpus Luteum (CL)
Following follicle rupture, the remaining follicular cells 

undergo a highly regulated process of tissue reorganization, 
marked by the activation of promatrix factors such as 
pro‑MMPs and the differentiation of granulosa and theca 
cells into luteal cells. This transformation leads to the 
formation of the CL, a transient endocrine structure essential 
for progesterone production. Progesterone is critical for 
maintaining endometrial receptivity and supporting early 
pregnancy. The CL also regulates pituitary gonadotropin 
secretion through negative feedback, ensuring hormonal 
balance during the luteal phase [3,43]. If implantation does not 
occur, the CL undergoes luteolysis, a process characterized by 
the infiltration of immune cells, increased oxidative stress, and 
the downregulation of steroidogenic enzymes. This regression 
allows the ovarian cycle to reset, enabling the development of 
a new cohort of follicles [3,43].

Wound healing at the ovulatory rupture site
The healing of the ovulation wound resembles the process 

of ordinary wound healing, consisting of four overlapping 
phases: hemostasis, inflammation, proliferation, and 
remodeling  [47]. The ovulatory follicular fluid  (FF) is rich 
in coagulation cascade proteins and inflammatory cytokines 
which facilitate hemostasis and the inflammatory phase of 
wound healing [48]. In addition, FF contains abundant growth 
factors, such as hepatocyte growth factor  (HGF), insulin‑like 
growth factor 2  (IGF2), and platelet‑derived growth 
factor  (PDGF), which promote re‑epithelialization during the 
proliferation phase [47].

Research has identified LGR5  +  epithelial stem cells 
distributed throughout the ovarian surface epithelium  (OSE), 
which likely respond to stemness and growth‑promoting 
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signals in FF to mediate postovulatory repair at the rupture 
site  [49]. IGF2 has been demonstrated to promote stemness 
and clonal expansion  (30852161), suggesting its importance 
in tissue regeneration. Following follicle rupture, thrombin 
activation converts the abundant HGF precursor into its active 
form  [50], which may further stimulate re‑epithelization at 
the wound site. Together, these stem cells and growth factors 
ensure efficient ovulation wound healing, maintaining ovarian 
integrity for subsequent reproductive cycles

Clinical implications
Advances in the molecular mechanism of ovulation shown 

above have led to multiple clinical implications, ranging 
from fertility, sterility, postoperative adhesions, and cancer 
formation. In addition, recognition of the inflammatory 
and oxidative nature of follicular rupture has unveiled new 
challenges in contraceptives, ovulation induction, and cancer 
prevention.

Pharmacological control of ovulation
The detailed understanding of ovulation mechanisms has 

led to the development of pharmacological agents that either 
induce or suppress ovulation, depending on clinical needs. 
These agents target key pathways involved in follicular 
development, luteinization, and ovulation.

Ovulation Induction agents
Pharmacologic agents designed to induce ovulation 

are critical tools in the management of anovulatory 
infertility. Clomiphene citrate, a selective estrogen receptor 
modulator  (SERM), acts by competitively inhibiting estrogen 
feedback at the hypothalamus and pituitary, thereby enhancing 
the release of FSH and LH to stimulate follicular growth. 
Alternatively, letrozole, an aromatase inhibitor, suppresses 
estrogen biosynthesis, resulting in a similar upregulation 
of endogenous gonadotropins that promotes follicular 
recruitment and maturation  [51]. In addition, exogenous 
gonadotropins  –  typically recombinant FSH and LH  –  are 
administered directly to stimulate multifollicular development 
and trigger ovulation, often as part of assisted reproductive 
technology  (ART) protocols  [52]. These pharmacological 
strategies target distinct checkpoints within the hypothalamic–
pituitary–ovarian axis to optimize folliculogenesis and oocyte 
release in women with ovulatory dysfunction.

Ovulation suppression agents
(1)	Combined oral contraceptives  (COCs): COCs contain 

synthetic E2 and progestin. It is the progestin component 
in COCs that suppress ovulation by inhibiting the 
hypothalamic–pituitary–ovarian axis or P4 withdrawal. 
The former prevents follicular development and the LH 
surge, the latter prevents follicle rupture [53]

(2)	Morning‑after pills: Progestins such as levonorgestrel 
and selective progesterone receptor modulators  (SPRMs) 
such as ulipristal acetate are used to prevent pregnancy 
after unprotected intercourse. Progestins work primarily 
by avoiding progesterone withdrawal, thus delaying or 
inhibiting ovulation. Similarly, SPRMs block progesterone 
receptors, preventing progesterone effect after LH surge 
and follicular rupture [53]. These agents are most effective 

when taken within 72 h (levonorgestrel) or 120 h (ulipristal 
acetate) after intercourse. The progesterone receptor 
antagonist  (mifepristone or RU486) is even more effective 
by competitively binding to the progesterone receptors. 
When administered prior to ovulation, it delays or blocks 
the LH surge, preventing the follicular rupture. When taken 
in the peri‑ovulatory or post‑ovulatory phase, it inhibits 
the decidualization of the endometrium, thus reducing the 
receptivity of the embryo. Compared to other emergency 
contraceptives, such as levonorgestrel, mifepristone 
demonstrates a broader window of efficacy and a more 
potent suppression of ovulatory and endometrial processes, 
making it a valuable tool in reproductive medicine for 
post‑coital pregnancy prevention

(3)	COX‑2 inhibitors as an alternative emergent contraceptive 
and their fertility risk.

COX‑2 enzymes play a critical role in ovulation by 
mediating prostaglandin synthesis, which is essential for 
follicular rupture. Studies have demonstrated that COX‑2 
inhibitors can serve as safe, nonhormonal emergency 
contraceptives, effectively delaying ovulation by up to 
5  days  [54‑56]. However, their efficacy as regular oral 
contraceptives appears suboptimal. A  clinical trial evaluating 
meloxicam  (even at high doses of 30  mg daily) found that 
ovulation still occurred in over  20% of cycles, limiting its 
reliability for routine contraception [57].

Conversely, COX‑2 inhibitors pose a significant fertility 
risk for women attempting to conceive. By disrupting 
prostaglandin‑dependent ovulation, these drugs can cause 
delayed or failed follicular rupture, leading to luteinized 
unruptured follicle (LUF) syndrome – a condition in which the 
follicle fails to release the oocyte despite CL formation  [58]. 
Given these effects, women planning pregnancy should avoid 
COX‑2 inhibitors to prevent unintended ovulation suppression 
and maximize their chances of conception [59].

Dual role of follicular fluid in wound healing, adhesions, 
and cancer formation

Follicular fluid, the microenvironment surrounding the 
oocyte, contains a high level of ROS and a rich array of 
growth factors, cytokines, and coagulation proteins that 
play critical roles in ovulation and wound healing. Notably, 
repeated ovulatory cycles expose ovarian tissues to chronic 
oxidative stress, which has been implicated in DNA damage, 
genomic instability, and malignant transformation  –  key 
factors in the pathogenesis of ovarian cancer  [60,61]. 
Epidemiological studies suggest that incessant ovulation 
may increase ovarian cancer risk  [62,63], further supporting 
the hypothesis that ROS‑mediated ovulatory mechanisms 
could contribute to tumor initiation. Recent studies have 
also revealed that follicular fluid can also contribute to 
postoperative intra‑abdominal adhesions when it comes into 
contact with surgical wounds [47].

Follicular fluid, the microenvironment surrounding the 
oocyte, contains a high level of ROS and a rich array of 
growth factors, cytokines, and coagulation proteins that 
play critical roles in ovulation and wound healing. Notably, 
repeated ovulatory cycles expose the fimbrial epithelium 
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of the fallopian tube to follicular fluid containing ROS, a 
known mutagen  [64,65], and growth factor transforming 
agents such as IGF2, HGF, and EGF‑like peptides  [50,66‑70]. 
The oncogenic potential of these ovulatory factors has been 
extensively demonstrated in  vitro and in  vivo in mouse and 
human systems  [64,71‑73]. Large‑scale epidemiological 
studies have indicated that incessant ovulation increases 
ovarian cancer risk  [62]. Consequently, ovulation suppression 
is considered one of the most effective strategies for ovarian 
cancer prevention [62,74].

Promotion of ovulation wound healing
FF is rich in coagulation cascade proteins  (e.g.,  fibrinogen 

and thrombin) and growth factors (e.g., HGF [50], insulin‑like 
growth factor 2  [IGF2]  [66], and PDGF  [75], which 
facilitate the four phases of wound healing: hemostasis, 
inflammation, proliferation, and remodeling [49]. For example, 
HGF promotes tissue repair and regeneration, whereas 
IGF2  supports stem cell proliferation and re‑epithelialization. 
These factors ensure efficient healing of the ovulation wound, 
restoring ovarian surface integrity and preparing the tissue for 
subsequent cycles.

Contribution to postoperative adhesions
While FF promotes the efficient healing of ovulation 

wounds, its spillage into the pelvic cavity during ovulation 
can have detrimental effects on surgical wounds. A 2024 study 
published in iScience [47] demonstrated that FF contains 
excessive coagulation and HGF signals, which, when exposed 
to surgical wounds, can lead to intra‑abdominal adhesions. 
These adhesions are fibrous bands of scar tissue that form 
between abdominal tissues and organs, often causing chronic 
pain, bowel obstruction, and infertility. The study found that 
FF‑induced activation of coagulation pathways and excessive 
HGF signaling promote fibroblast proliferation and ECM 
deposition, key processes in adhesion formation. This dual 
role of FF highlights its context‑dependent effects: while 
beneficial for ovulation wound healing, it can be harmful 
when interacting with surgical wounds.

Conclusion
Ovulation is a hormonally regulated, inflammation‑like 

process that represents a finely tuned interplay 
between estrogen‑induced oxidative signaling and 
progesterone‑mediated anti‑inflammatory control. The LH 
surge initiates a cascade involving E2‑driven ROS production, 
ECM remodeling, cumulus expansion, and transient P4 
withdrawal, which collectively culminate in follicular rupture. 
Subsequent luteinization and ovulatory wound healing 
demonstrate the remarkable capacity of ovarian tissue for 
rapid regeneration, mediated by the coagulants, growth factors 
reside in the follicular fluid, and epithelial progenitor cells 
reside in the ovarian surface epithelium.

Beyond its fundamental biological role, the ovulatory 
process carries significant clinical implications for 
reproductive medicine and women’s health. Our growing 
molecular understanding of ovulation has already yielded 
targeted treatments for both infertility and contraception. 
However, emerging research reveals potential risks 

associated with chronic ovulatory cycles  –  specifically, the 
cumulative effects of repeated inflammatory responses and 
tissue remodeling. These cyclical processes may contribute 
to several pathological conditions, including ovarian 
carcinogenesis, endometriosis development, and postoperative 
adhesion formation.

Data availability statement
The current study did not generate or analyze any data.

Financial support and sponsorship
This work was supported by the National Health 

Research Institute, Taiwan  (NHRI‑EX112‑11216BI), 
the National Science and Technology Council  (NSTC 
2314‑B‑303‑002), and the Buddhist Tzu Chi Medical 
Foundation (TCMMP114‑02‑03).

Conflicts of interest
There are no conflicts of interest.

References
1.	 Lu  J, Wang  Z, Cao  J, Chen  Y, Dong  Y. A  novel and compact review 

on the role of oxidative stress in female reproduction. Reprod Biol 
Endocrinol 2018;16:80.

2.	 Richards  JS, Pangas  SA. The ovary: Basic biology and clinical 
implications. J Clin Invest 2010;120:963‑72.

3.	 Stocco  C, Telleria  C, Gibori  G. The molecular control of corpus luteum 
formation, function, and regression. Endocr Rev 2007;28:117‑49.

4.	 Erickson  GF, Shimasaki  S. The physiology of folliculogenesis: The role 
of novel growth factors. Fertil Steril 2001;76:943‑9.

5.	 Felty  Q, Xiong  WC, Sun  D, Sarkar  S, Singh  KP, Parkash  J, 
et  al. Estrogen‑induced mitochondrial reactive oxygen species as 
signal‑transducing messengers. Biochemistry 2005;44:6900‑9.

6.	 Parkash  J, Felty  Q, Roy  D. Estrogen exerts a spatial and temporal 
influence on reactive oxygen species generation that precedes calcium 
uptake in high‑capacity mitochondria: Implications for rapid nongenomic 
signaling of cell growth. Biochemistry 2006;45:2872‑81.

7.	 Shkolnik  K, Tadmor  A, Ben‑Dor  S, Nevo  N, Galiani  D, Dekel  N. 
Reactive oxygen species are indispensable in ovulation. Proc Natl Acad 
Sci U S A 2011;108:1462‑7.

8.	 Krause KH. Aging: A revisited theory based on free radicals generated by 
NOX family NADPH oxidases. Exp Gerontol 2007;42:256‑62.

9.	 Felty  Q, Singh  KP, Roy  D. Estrogen‑induced G1/S transition of 
G0‑arrested estrogen‑dependent breast cancer cells is regulated by 
mitochondrial oxidant signaling. Oncogene 2005;24:4883‑93.

10.	 Anju  A, Jeswin  J, Thomas  PC, Paulton  MP, Vijayan  KK. Molecular 
cloning, characterization and expression analysis of cytoplasmic Cu/
Zn‑superoxide dismutase  (SOD) from pearl oyster Pinctada fucata. Fish 
Shellfish Immunol 2013;34:946‑50.

11.	 Ashton Acton Q, editor. Peroxides Advances in Research and Application. 
ScholarlyEditions; 2012.

12.	 Borrás C, Gambini  J, López‑Grueso  R, Pallardó FV, Viña J. Direct 
antioxidant and protective effect of estradiol on isolated mitochondria. 
Biochim Biophys Acta 2010;1802:205‑11.

13.	 Viña J, Sastre J, Pallardó FV, Gambini J, Borrás C. Role of mitochondrial 
oxidative stress to explain the different longevity between genders: 
Protective effect of estrogens. Free Radic Res 2006;40:1359‑65.

14.	 Borrás C, Sastre  J, García‑Sala  D, Lloret  A, Pallardó FV, Viña J. 
Mitochondria from females exhibit higher antioxidant gene expression 
and lower oxidative damage than males. Free Radic Biol Med 
2003;34:546‑52.

15.	 Rao AK, Ziegler YS, McLeod IX, Yates JR, Nardulli AM. Effects of Cu/
Zn superoxide dismutase on E2 responsiveness and oxidative stress in 



Chen and Chu / Tzu Chi Medical Journal 2025; 37(4): 351‑359

358�

human breast cancer cells. Mol Endocrinol 2008;22:1113-24.
16.	 López‑Grueso  R, Gambini  J, Abdelaziz  KM, Monleón D, Díaz A, El 

Alami  M, et  al. Early, but not late onset estrogen replacement therapy 
prevents oxidative stress and metabolic alterations caused by ovariectomy. 
Antioxid Redox Signal 2014;20:236‑46.

17.	 Elliot  SJ, Catanuto  P, Pereira‑Simon  S, Xia  X, Pastar  I, Thaller  S, et  al. 
Catalase, a therapeutic target in the reversal of estrogen‑mediated aging. 
Mol Ther 2022;30:947‑62.

18.	 Wassmann  K, Wassmann  S, Nickenig  G. Progesterone antagonizes the 
vasoprotective effect of estrogen on antioxidant enzyme expression and 
function. Circ Res 2005;97:1046‑54.

19.	 Angelucci  S, Ciavardelli  D, Di Giuseppe  F, Eleuterio  E, Sulpizio  M, 
Tiboni  GM, et  al. Proteome analysis of human follicular fluid. Biochim 
Biophys Acta 2006;1764:1775‑85.

20.	 Zakerkish  F, Brännström M, Carlsohn  E, Sihlbom  C, van der Post  S, 
Thoroddsen  A. Proteomic analysis of follicular fluid during human 
ovulation. Acta Obstet Gynecol Scand 2020;99:917‑24.

21.	 Holesh  JE, Bass  AN, Lord  M. Physiology, ovulation. In: StatPearls. 
Treasure Island: StatPearls; 2023.

22.	 Fan  HY, Liu  Z, Mullany  LK, Richards  JS. Consequences of RAS and 
MAPK activation in the ovary: The good, the bad and the ugly. Mol Cell 
Endocrinol 2012;356:74‑9.

23.	 Harris SM, Aschenbach LC, Skinner SM, Dozier BL, Duffy DM. 
Prostaglandin E2 receptors are differentially expressed in subpopulations 
of granulosa cells from primate periovulatory follicles. Biol Reprod 
2011;85:916-23.

24.	 Behrman HR, Kodaman PH, Preston SL, Gao S. Oxidative stress and the 
ovary. J Soc Gynecol Investig 2001;8:S40‑2.

25.	 Devine  PJ, Perreault  SD, Luderer  U. Roles of reactive oxygen species 
and antioxidants in ovarian toxicity. Biol Reprod 2012;86:27.

26.	 Duffy  DM, Stouffer  RL. The ovulatory gonadotrophin surge stimulates 
cyclooxygenase expression and prostaglandin production by the monkey 
follicle. Mol Hum Reprod 2001;7:731‑9.

27.	 Sirois  J, Boerboom D, Sayasith K. Prostaglandin biosynthesis and action 
in the ovary. The Ovary, San Diego, California: Elsevier; 2004. p. 233‑47.

28.	 Hardy  DB, Janowski  BA, Corey  DR, Mendelson  CR. Progesterone 
receptor plays a major antiinflammatory role in human myometrial cells 
by antagonism of nuclear factor‑kappaB activation of cyclooxygenase 2 
expression. Mol Endocrinol 2006;20:2724‑33.

29.	 Younglai  EV. Effect of mating on follicular fluid steroids in the rabbit. 
J Reprod Fertil 1972;30:157‑9.

30.	 Bjersing  L, Cajander  S. Ovulation and the role of the ovarian surface 
epithelium. Experientia 1975;31:605‑8.

31.	 Niswender  GD, Juengel  JL, Silva  PJ, Rollyson  MK, McIntush  EW. 
Mechanisms controlling the function and life span of the corpus luteum. 
Physiol Rev 2000;80:1‑29.

32.	 Schwall RH, Sawyer HR, Niswender GD. Differential regulation of luteal 
progesterone production by luteinizing hormone and prostaglandin E2 
during the estrous cycle of the ewe. Biol Reprod 1986;35:359‑65.

33.	 Devoto  L, Kohen  P, Vega  M, Castro  O, González RR, Retamales  I, 
et  al. Control of human luteal steroidogenesis. Mol Cell Endocrinol 
2002;186:137‑41.

34.	 Wu  B, Chen  X, He  B, Liu  S, Li Y, Wang  Q, et  al. ROS are critical for 
endometrial breakdown via NF‑κB‑COX‑2 signaling in a female mouse 
menstrual‑like model. Endocrinology 2014;155:3638‑48.

35.	 Xu  X, Chen  X, Li  Y, Cao  H, Shi  C, Guan  S, et  al. Cyclooxygenase‑2 
regulated by the nuclear factor‑κB pathway plays an important role 
in endometrial breakdown in a female mouse menstrual‑like model. 
Endocrinology 2013;154:2900‑11.

36.	 Park  CJ, Lin  PC, Zhou  S, Barakat  R, Bashir  ST, Choi  JM, et  al. 
Progesterone receptor serves the ovary as a trigger of ovulation and a 
terminator of inflammation. Cell Rep 2020;31:107496.

37.	 Richards JS, Pangas SA. New insights into ovarian function. Handb Exp 

Pharmacol 2010;198:3-27. 
38.	 Duffy  DM, Ko  C, Jo  M, Brannstrom  M, Curry  TE. Ovulation: Parallels 

with inflammatory processes. Endocr Rev 2019;40:369‑416.
39.	 Thomas  C, Marx  TL, Penir  SM, Schuh  M. Ex vivo imaging reveals the 

spatiotemporal control of ovulation. Obstet Gynecol Surv 2025;80:167‑8.
40.	 Curry TE Jr., Smith  MF. Impact of extracellular matrix remodeling 

on ovulation and the folliculo‑luteal transition. Semin Reprod Med 
2006;24:228‑41.

41.	 Robker RL, Russell DL, Espey LL, Lydon JP, O’Malley BW, Richards JS. 
Progesterone‑regulated genes in the ovulation process: ADAMTS‑1 and 
cathepsin L proteases. Proc Natl Acad Sci U S A 2000;97:4689‑94.

42.	 Espey  LL. Current status of the hypothesis that mammalian ovulation is 
comparable to an inflammatory reaction. Biol Reprod 1994;50:233‑8.

43.	 Richards  JS, Russell  DL, Ochsner  S, Espey  LL. Ovulation: New 
dimensions and new regulators of the inflammatory‑like response. Annu 
Rev Physiol 2002;64:69‑92.

44.	 Espey LL. Ultrastructure of the apex of the rabbit Graafian follicle during 
the ovulatory process. Endocrinology 1967;81:267‑76.

45.	 Ogiwara  K, Takano  N, Shinohara  M, Murakami  M, Takahashi  T. 
Gelatinase A and membrane‑type matrix metalloproteinases 1 and 2 are 
responsible for follicle rupture during ovulation in the medaka. Proc Natl 
Acad Sci U S A 2005;102:8442‑7.

46.	 Goldman  S, Shalev  E. The role of the matrix metalloproteinases in 
human endometrial and ovarian cycles. Eur J Obstet Gynecol Reprod 
Biol 2003;111:109‑21.

47.	 Seenan V, Hsu CF, Subramani K, Chen PC, Ding DC, Chu TY. Ovulation 
provides excessive coagulation and hepatocyte growth factor signals to 
cause postoperative intraabdominal adhesions. iScience 2024;27:109788.

48.	 Zamah AM, Hassis ME, Albertolle ME, Williams KE. Proteomic analysis 
of human follicular fluid from fertile women. Clin Proteomics 2015;12:5.

49.	 Capel B. Ovarian epithelium regeneration by Lgr5(+) cells. Nat Cell Biol 
2014;16:743‑4.

50.	 Huang  HS, Chen  PC, Chu  SC, Lee  MH, Huang  CY, Chu TY. Ovulation 
sources coagulation protease cascade and hepatocyte growth factor to 
support physiological growth and malignant transformation. Neoplasia 
2021;23:1123‑36.

51.	 Homburg  R. Clomiphene citrate  –  End of an era? A mini‑review. Hum 
Reprod 2005;20:2043‑51.

52.	 Macklon  NS, Stouffer  RL, Giudice  LC, Fauser  BC. The science behind 
25  years of ovarian stimulation for in  vitro fertilization. Endocr Rev 
2006;27:170‑207.

53.	 Sitruk‑Ware  R, Nath  A. The use of newer progestins for contraception. 
Contraception 2010;82:410‑7.

54.	 Hester  KE, Harper  MJ, Duffy  DM. Oral administration of the 
cyclooxygenase‑2  (COX‑2) inhibitor meloxicam blocks ovulation 
in non‑human primates when administered to simulate emergency 
contraception. Hum Reprod 2010;25:360‑7.

55.	 Bata  MS, Al‑Ramahi  M, Salhab  AS, Gharaibeh  MN, Schwartz  J. 
Delay of ovulation by meloxicam in healthy cycling volunteers: 
A  placebo‑controlled, double‑blind, crossover study. J  Clin Pharmacol 
2006;46:925‑32.

56.	 Pall M, Fridén BE, Brännström M. Induction of delayed follicular rupture 
in the human by the selective COX‑2 inhibitor rofecoxib: A  randomized 
double‑blind study. Hum Reprod 2001;16:1323‑8.

57.	 Jesam  C, Salvatierra AM, Schwartz  JL, Fuentes A, Croxatto  HB. Effect 
of oral administration of a continuous 18  day regimen of meloxicam on 
ovulation: Experience of a randomized controlled trial. Contraception 
2014;90:168‑73.

58.	 Micu MC, Micu R, Ostensen M. Luteinized unruptured follicle syndrome 
increased by inactive disease and selective cyclooxygenase 2 inhibitors 
in women with inflammatory arthropathies. Arthritis Care Res (Hoboken) 
2011;63:1334‑8.

59.	 Norman RJ, Wu R. The potential danger of COX‑2 inhibitors. Fertil Steril 



Chen and Chu / Tzu Chi Medical Journal 2025; 37(4): 351‑359

� 359

2004;81:493‑4.
60.	 Wu NY, Fang C, Huang HS, Wang J, Chu TY. Natural history of ovarian 

high‑grade serous carcinoma from time effects of ovulation inhibition 
and progesterone clearance of p53‑defective lesions. Mod Pathol 
2020;33:29‑37.

61.	 Mei J, Tian H, Huang HS, Hsu CF, Liou Y, Wu N, et al. Cellular models 
of development of ovarian high‑grade serous carcinoma: A review of cell 
of origin and mechanisms of carcinogenesis. Cell Prolif 2021;54:e13029.

62.	 Collaborative Group on Epidemiological Studies of Ovarian Cancer, 
Beral V, Doll  R, Hermon  C, Peto  R, Reeves  G. Ovarian cancer and oral 
contraceptives: Collaborative reanalysis of data from 45 epidemiological 
studies including 23,257 women with ovarian cancer and 87,303 controls. 
Lancet 2008;371:303‑14.

63.	 Havrilesky  LJ, Moorman  PG, Lowery  WJ, Gierisch  JM, Coeytaux  RR, 
Urrutia  RP, et  al. Oral contraceptive pills as primary prevention for 
ovarian cancer: A  systematic review and meta‑analysis. Obstet Gynecol 
2013;122:139‑47.

64.	 Huang  HS, Chu  SC, Hsu  CF, Chen  PC, Ding  DC, Chang  MY, et  al. 
Mutagenic, surviving and tumorigenic effects of follicular fluid in the 
context of p53 loss: Initiation of fimbria carcinogenesis. Carcinogenesis 
2015;36:1419‑28.

65.	 Subramani K, Huang HS, Chen PC, Ding DC, Chu TY. Ovulation sources 
ROS to confer mutagenic activities on the TP53 gene in the fallopian 
tube epithelium. Neoplasia 2025;59:101085.

66.	 Hsu  CF, Huang  HS, Chen  PC, Ding  DC, Chu  TY. IGF‑axis confers 
transformation and regeneration of fallopian tube fimbria epithelium upon 
ovulation. EBioMedicine 2019;41:597‑609.

67.	 Huang  HS, Chu  SC, Chen  PC, Lee  MH, Huang  CY, Chou  HM, et  al. 
Insuline‑like growth factor‑2 (IGF2) and hepatocyte growth factor (HGF) 
promote lymphomagenesis in p53‑null mice in tissue‑specific and 

estrogen‑signaling dependent manners. J Cancer 2021;12:6021‑30.
68.	 Chu  TY, Khine  AA, Wu  NY, Chen  PC, Chu  SC, Lee  MH, et  al. 

Insulin‑like growth factor  (IGF) and hepatocyte growth factor  (HGF) 
in follicular fluid cooperatively promote the oncogenesis of high‑grade 
serous carcinoma from fallopian tube epithelial cells: Dissection of the 
molecular effects. Mol Carcinog 2023;62:1417‑27.

69.	 Chu  TY, Chu  SC, Khine AA, Chen  PC, Lee  MH, Huang  HS. Effect of 
ovulation IGF and HGF signaling on the oncogenesis of murine epithelial 
ovarian cancer cell ID8. Exp Cell Res 2022;419:113323.

70.	 Khine AA, Chen PC, Chen YH, Chu SC, Huang HS, Chu TY. Epidermal 
growth factor receptor ligands enriched in follicular fluid exosomes 
promote oncogenesis of fallopian tube epithelial cells. Cancer Cell Int 
2024;24:424.

71.	 Hsu  CF, Chen  PC, Seenan  V, Ding  DC, Chu  TY. Ovulatory follicular 
fluid facilitates the full transformation process for the development of 
high‑grade serous carcinoma. Cancers (Basel) 2021;13: 468.

72.	 Hsu CF, Seenan V, Wang LY, Chu TY. Ovulation enhances intraperitoneal 
and ovarian seedings of high‑grade serous carcinoma cells originating 
from the fallopian tube: Confirmation in a bursa‑free mouse xenograft 
model. Int J Mol Sci 2022;23:6211.

73.	 Hsu  CF, Seenan  V, Wang  LY, Chen  PC, Ding  DC, Chu  TY. Human 
peritoneal fluid exerts ovulation‑  and nonovulation‑sourced oncogenic 
activities on transforming fallopian tube epithelial cells. Cancer Cell Int 
2024;24:231.

74.	 Fathalla  MF. Incessant ovulation and ovarian cancer  –  A hypothesis 
re‑visited. Facts Views Vis Obgyn 2013;5:292‑7.

75.	 Yeh  CH, Chen  PC, Chen  CH, Hsu  CF, Huang  RL, Ding  DC, et  al. 
Platelet‑derived growth factor in the ovarian follicle attracts the stromal 
cells of the fallopian tube fimbriae. PLoS One 2016;11:e0158266.


