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A B S T R A C T

The male or female genital hormone inhibin selectively decreases the synthesis of FSH from
the pituitary gland. Inhibin is often promoted as a fertility-regulating drug, especially for
males, due to its ability to specifically inhibit FSH release, thereby reducing germ cell
production. After summarizing current research on inhibin extraction and cDNA sequencing
of inhibin mRNA, this review examines the potential of using inhibitors as a reproductive
modulator and a diagnostic tool for infertility in both men and women. Isolation and
identification of inhibin is challenging, and there is not much understanding of its
physiological characteristics. Purification of inhibin from ovarian follicular fluid relies on
selecting specific molecular weight forms of proteins. These forms, which exhibit biological
inhibin activity, are identified following SDS-PAGE separation of follicular fluid proteins. Gel
electrophoresis resolves protein species (e.g., 32–120 kDa forms), enabling size-based
isolation and FSH-suppressive bioactivity confirmation, per foundational studies. To
investigate inhibin as a prospective fertility-regulating agent, it must induce sustained and
irreversible effects. If shown, this would solve key challenges for long-term polypeptide
contraceptives, including administration methods, delivery management, and the risk of
antibody formation, especially after prolonged use.
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INTRODUCTION

Inhibin has been considered as a suppressor of follicle-
stimulating hormone (FSH) secretion from the anterior
pituitary through pituitary-gonad negative feedback to
regulate follicle development. It was demonstrated that the
addition of inhibin A could significantly suppress FSH-
induced FSHR mRNA level in cultured rat granulosa cells
(GCs) measured by real-time polymerase chain reaction
(PCR). The inhibin A exerted its action mainly by
inhibiting FSHR promoter activity. Furthermore,
exogenous inhibin A could dramatically decrease FSH-
induced P450arom and P450scc levels and suppress
progesterone and estradiol production in the cultured GCs,

but it did not decrease forskolin-induced steroidogenesis,
indicating that the inhibitory effect of inhibin A on FSH
action may be upstream of cAMP signaling1, 2. The
hypothalamic-pituitary-gonadal axis, which regulates
reproductive steroids, requires steroidogenic factor-1 (SF-
1) for its development and function. SF-1 is repressed by
DAX-1, which may prevent it from activating downstream
genes such as the inhibin α-subunit genes. When DAX-1
binds to SF-1, it may affect how it interacts with other co-
activators as well as transcription elements3, 4. Androgens,
acting through the androgen receptor (AR), can also
influence inhibin production. In some cases, the AR can
interact with SF-1 to regulate gene expression related to
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reproduction5, 6. Infertility disorders could be evaluated
by quantifying the circulating levels of inhibin B. The
major sites of inhibin B production are from male testicles
as well as female follicles. Follicles are the tissues where
viable eggs are created7, 8. Inhibin B levels vary across the
menstrual cycle, peaking in the early follicular phase.
Fertile men show higher levels than those with Sertoli cell
dysfunction9.

Structure and function of inhibin

Inhibin is a dimeric glycoprotein hormone secreted by
Sertoli cells in men and granulosa cells in women, acting
primarily as a negative feedback regulator. It inhibits the
synthesis and release of FSH from the anterior pituitary. It
consists of an α–subunit disulphide–linked to either a
βA subunit (inhibin A) or βB subunit (inhibin B) and is
mainly expressed by the gonads, ovarian granulosa cells in
females, and testicular Sertoli cells in males10, 11.

Quantifying serum Inhibin levels will help in assessing the
pathophysiology of puberty, ovulation, menopause, and
infertility, and serve as markers for ovarian sex cord-
stromal tumors (e.g., granulosa cell tumors)12.

Physiological role and mechanism of action of inhibin
hormone

The ovaries generate reproductive hormones called
inhibins, which are well recognized for their ability to
inhibit the synthesis and secretion of FSH from the
anterior pituitary gland.  The primary circulatory form of
inhibin in adolescent and adult males across many
mammals is inhibin B11. The gonads are the primary
sources of circulating inhibins under normal physiological
conditions, as ovariectomy or castration markedly reduces
or eliminates detectable levels. In vitro, inhibin B is more
potent than inhibin A at suppressing FSH release
(approximately 4-fold in pituitary cell models)10, 11, 13.
When it comes to inhibiting FSH in vitro conditions,
inhibin B is more effective than inhibin A. During
menstrual cycles, levels of both inhibin A and inhibin B
are regulated in different ways. Across the luteal-follicular
transition, inhibin B rises (peaking early in the follicular
phase around cycle day 7), while inhibin A remains low
until the late follicular phase and dominates the luteal
phase14, 15. When a woman is not pregnant, the corpus
luteum deteriorates with a fall in inhibin A levels. The
next one starts when these strong adverse reaction signals
are absent, causing systemic FSH levels to rise16.

In rats, inhibin B is elevated on metestrus/diestrus cycles
(with low FSH), then declines late proestrus alongside
inhibin A (which rises from low metestrus to proestrus
peak). Both drops in the estrus cycle before the FSH surge
recruit new follicles17, 18. Both inhibins are produced by
ovarian granulosa cells in follicles across species. Low

inhibin A or B during the estrus cycle reflects an early rise
in FSH in women, aiding follicle development for
potential ovulation18, 19.

Role of Inhibin in Female Fertility

Inhibin B is a key hormone for fertility in both males and
females. Serum levels of inhibin B are measured via
immunoassays such as the Enzyme-Linked
immunosorbent assay (ELISA), typically on days two to
three of the menstrual cycle in women to assess ovarian
reserve or infertility, and at any time in men to evaluate
spermatogenesis19, 20. Two AMH patterns align with
inhibin B trends: “aging ovary” pattern includes a
low/stable AMH, low inhibin B, short 18-21 day cycles,
and reduced follicle recruitment. While “younger ovary”
with a higher AMH with days 2-7 peaks, where >1 ng/mL
requires cycle-day adjustment for accurate interpretation
alongside inhibin B21.

Inhibin B is linked to the development of the ovaries
within females and suppresses FSH during the early
follicular phase.
In men, inhibin B from Sertoli cells supports
spermatogenesis. Fertile males with normal conception
rates typically show higher serum inhibin B than those
with oligospermia or impaired sperm production.

Fig. 1: The hypothalamic-pituitary-testicular axis
and its role in spermatogenesis. CCBY 4.0 License -

John Reynolds-Wright. Image accessible via
https://flic.kr/p/2hgvk5V6A. FSH, follicle-stimulating
hormone; GnRH, gonadotropin-releasing hormone;

LH, luteinizing hormone22
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Fig. 1 shows the regulation of gonadotropin release by
activins and inhibins. Inhibins exert their inhibitory effect
by selectively suppressing the secretion of FSH from the
anterior pituitary gland23. FSH’s significant role in
reproductive function and the ability of inhibin to steadily
reduce FSH levels below the threshold that is essential for
gametogenesis. Hence, inhibin has potential utility as a
fertility-regulating agent24. No studies have investigated
this mechanism in vivo across species due to the past
unavailability of pure, authentic inhibin preparations for
such a study22.

Diagnostic and therapeutic applications

Inhibins are part of the Transforming growth factor -β
(TGF-β) superfamily, which includes hormones that have
multiple roles in development and reproduction. Inhibins,
unlike other members of the family, have a restricted
tissue distribution, are principally expressed in the
gonadal and placental tissues, and have tissue-specific
effects. Inhibins, which are best known for their negative
feedback control of FSH release from anterior pituitary
gonadotrophs, have lately been linked to other functions,
including tumor suppression in gonadal and reproductive
organs25, 26.

Maternal serum inhibin A levels are elevated in Down
syndrome (trisomy 21) pregnancies and serve as an
important second-trimester biomarker (typically weeks
15-20), improving detection rates when combined with
alpha-fetoprotein, hCG, and estriol in quadruple tests
(e.g., detection sensitivity ~75-80% with 5% false-positive
rate)27.

The quadruple test, which involves screening maternal
blood for inhibin A, α-fetoprotein, unconjugated estriol,
and human chorionic gonadotropin (hCG), detects roughly
70-75% of pregnancies with Down syndrome, whereas the
double test (α-fetoprotein and hCG alone) only detects
about 50-60%28, 29. Although varied cutoffs restrict their
normal clinical usage, low inhibin B levels in early
pregnancy, especially in assisted reproductive
technologies, predict poor ovarian response30. As a
miscarriage biomarker, inhibin A has been evaluated; it is
good at detecting very early losses, but it is not an
accurate indicator of miscarriages that occur after about
six weeks31. Total inhibin levels are used to detect ex
cord-stromal tumors (5–10% of ovarian neoplasms) with
nearly 100% sensitivity; among epithelial ovarian
malignancies, 5–35% of non-mucinous subtypes and up to
80% of mucinous instances exhibit elevations, enabling
continuous tumor subtyping investigation32, 33.

Patients seeking assisted reproductive technologies (ART)
receive a speedy, exact evaluation of their chances of
becoming pregnant and beginning specialized therapies34.
Ovarian reserve testing is an important part of the female

infertility workup before ART34, 35. Success in techniques
such as intracytoplasmic sperm injection (ICSI) and in
vitro fertilization (IVF) is dependent on the ovaries'
capacity to respond to hormonal stimulation by recruiting
numerous follicles35. Female subfertility is frequently
caused by hyper- or hypogonadotropic dysovulation, such
as the most common type, polycystic ovary syndrome
(PCOS), or age-related ovarian malfunction36, 37.

Diminished Ovarian Reserve

The number of oocytes remaining in the ovaries, which
reflects the reproductive potential of a woman, is termed
ovarian reserve. Numerous factors, including hormones,
metabolites, baseline ovarian reserve, disease conditions,
environmental factors, and medications, may influence
ovarian reserve38. Decreased ovarian reserve (DOR) has
emerged as one of the most prevalent issues in
contemporary therapeutic reproductive medicine due to
the tendency of delaying conception throughout
contemporary culture. Because of its complicated clinical
characteristics as well as uncertain process, doctors find it
challenging to provide tailored therapy34. This review
addresses the factors affecting ovarian reserve as well as
explores the pathogenic variables or attainable impacts
that might explain the possible pathways of DOR.

Polycystic Ovary Syndrome

Despite the paucity of evidence on the function of inhibin
in pathophysiologic conditions, several interesting
findings have been reported. In polycystic ovarian
syndrome (PCOS), basal and early/mid-follicular inhibin
levels are characteristically similar to those of controls.
Still, they fail to rise in the late follicular, midcycle, or
luteal phases due to anovulation and the lack of a
dominant follicle39.

Exogenous gonadotropin stimulation causes a normal
inhibin response in PCOS ovaries, according to studies.
These findings indicated intact ovarian physiology and
that gonadotropin dysregulation, rather than intrinsic
abnormalities, is the cause of changes in inhibin levels40,
41. It has been shown that a luteal phase confirmed by
biopsy was linked to extremely low serum inhibin
concentrations in both the follicular and luteal phases42.

According to studies, higher inhibin levels were
associated with increased androgens in PCOS, particularly
inhibin B, which may improve LH-mediated androgen
synthesis via granulosa-theca interactions43, 44.

Overall, the circulating inhibin levels show ovarian
follicular and luteal activity throughout the female life
span. They increase with puberty, indicating activation of
granulosa cells. During reproductive years, they show
cyclical patterns (inhibin B peaking in the follicular phase
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from small antral follicles, inhibin A in the luteal phase
from the corpus luteum). The levels decrease with ovarian
aging because of a declining follicle reserve. A higher
level of serum inhibin, especially inhibin A or B, may be a
sign of granulosa cell tumors or subtypes of PCOS, among
other ovarian diseases. Gonadally generated inhibin
promotes Folliculogenesis and steroidogenesis in the
ovary through autocrine and paracrine actions, while also
exerting systemic negative feedback on pituitary FSH
output45-47.

Primary Ovarian Insufficiency

The depletion or dysfunction of ovarian follicles, resulting
in oligo- or amenorrhea before age 40 years, is generally
considered as primary ovarian insufficiency (POI). No
universal diagnostic criteria are available for POI in
adolescents, leading to delays in diagnosis. Post diagnosis,
it is recommended annually to monitor bone density,
cardiovascular risk, and psychological health. Hormone
therapy might help to reduce vasomotor or urogenital
symptoms and ease long-term risks to bone health,
cardiovascular disease, and sexual function48, 49. The
ovarian morphology and histology of POI are distinct
from those of the normal ovary Fig. 2.

Fig. 2: Folliculogenesis and ovulation in a normal
ovary versus POI48

 

For fertility preservation or reproductive treatments, it is
advised to refer the patients or families to an
endocrinologist as well as an infertility expert if required.
Primary ovarian insufficiency (POI) affects approximately
1 in 1,000 women by age 30 and 1 in 100 by age 40,
showing as oligo/amenorrhea, infertility,
hypoestrogenism, and elevated gonadotropins before age
40. Women with POI often present with high blood FSH
(>25 IU/L on two occasions), low estradiol (<50 pg/mL),
and decreased inhibin B (indicating depleted antral
follicles); however, inhibin A may vary50, 51.

 

Endometriosis and Ovarian Dysfunction

Endometriosis affects about 10-15 % of women of
reproductive age. Among women with endometriosis, 30
to 50% are infertile52. However, the exact etiology of
infertility linked to endometriosis is still unknown.
Endometriosis-related infertility may be due to difficulty
getting pregnant or maintaining a healthy pregnancy.
Although the precise mechanisms causing early or
premature menopause in endometriosis-affected women
are still not fully understood, growing evidence points to a
link between endometriosis and both an earlier
menopausal start and a decreased ovarian reserve53, 54.
Endocrinology-linked infertility is heterogeneous.
Morphological abnormalities triggered by adherent or
pelvic masses can be the root cause of sterility. In contrast
to the structural impediments, abnormal ovarian
functioning in women with endometriosis might
contribute to reduced fertility. Epidemiologic studies
indicate that women with endometriosis, particularly those
with ovarian endometriomas and associated surgery, are
more likely to experience a faster reduction in ovarian
viability and an earlier natural menopause, even though
the causality is not fully understood53, 54.

Three fundamental components comprise ovarian
function: 

(1) Ovarian hormone production, 

(2) Preservation of follicular growth from the preantral to
the luteal stage after ovulation, or

(3) Inactive oocyte reserve54

Clinical Applications of Inhibin in Reproductive
Medicine

The evaluation of female ovarian reserve or biological
capability is two of the many therapeutic applications for
inhibin B. It could also help track the beginning of the
menopausal transition, gender-related abnormalities, and
ovarian recovery after chemotherapy55. 

The cerebellum, genitals, and the glandular system are just
a few of the numerous components involved in the
intricate processes that control the human reproductive
mechanism. The granulosa of the ovary and the Sertoli
cells of the testis release this polypeptide hormone. Semen
levels or testicular volume are favorably correlated with
plasma inhibin B levels. Inhibin B could be significant as
a measure of Sertoli cell activity in infertile men as well as
a prognosis predictor among women receiving ovulation-
promoting medication, according to present knowledge of
inhibin metabolism and pathophysiology in humans. The
inhibin α-subunit was elevated in aggressive prostate
diseases56. The nature, oversight, and therapeutic
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applications of inhibin and several similar compounds are
covered in this article.

Potential applications have been evaluated in 4 distinct
fields: ovarian cancer, PCOS, the ovarian reserve,
including operation, or childbirth, and pre-eclampsia with
Down syndrome screening. Inhibin physiology, as its
therapeutic significance in reproductive healthcare, has
been the subject of investigation in recent years. Inhibin A
and B are synthesized from the gonads during
gametogenesis and exhibit distinct release patterns in
women across the reproductive cycle. Additionally,
inhibins contribute to pregnancy's biological adaptation
since they are also produced by the placental and
embryonic tissues. The most recent developments about
the role of inhibins in human reproduction are covered in
this review. Inhibin A and B have led to significant
advancements in our knowledge of reproductive
inhibitors57. The review discussed the therapeutic
application of measuring inhibin levels throughout the
blood and various physiological fluids. Studies have
identified changes in inhibin concentrations in
gynecological disorders as well as in normal or pathogenic
pregnancies. In women, the tissue of the corpus luteum or
the dominant ovarian follicles is the main producer of
inhibin A, while tiny emerging follicles are the main
producers of inhibin B. This menstrual cycle causes
fluctuations in plasma inhibin A or B levels. Serum
concentrations of inhibin A and B drop to extremely low
or undetected amounts after menopause due to the
depletion of ovarian follicles. Current research has shown
that inhibin A may be a more accurate indicator of
maternal functioning than human chorionic gonadotropin
(hCG) due to its short half-life, even though its exact
physiological role during childbirth is unknown. If inhibin
A levels are measured earlier in pregnancy, they may be
used to anticipate premature delivery, Down syndrome,
and fetal development constraints throughout the first
and/or second trimester before clinical manifestations
appear. 

CONCLUSION 

The glycoprotein hormone inhibin exerts negative
feedback on FSH secretion from the anterior pituitary
gland. Their secretion from granulosa cells inversely
correlated to FSH levels throughout the estrogen cycle.
Immunization against inhibin raises the production of FSH
as well as the growth of follicles, which in turn raises the
fertilization rates. It has been demonstrated that inhibins
can be in two forms by dimeric construction of an α-
subunit, as well as one of two extremely associated β-
subunits to create inhibin A (α- βA), as well as inhibin B
(α- βB). While inhibin components are expressed in
numerous organs, reproductive organs are the principal
source of circulating inhibins. Though they can act as a
paracrine or autocrine component in certain tissues, their

best-recognized activities are as endocrine controllers of
hypothalamic GnRH. 

This review focused on more recent advancements in
inhibin research, characterizing variations in inhibin A
and B emission throughout the menstrual cycle. We also
examine vaccination against inhibin α subunit as a viable
technique for superovulation. Super ovulation has been
produced effectively by passive or active vaccination
against the inhibin α-subunit in numerous mammals.
Furthermore, multiple studies have indicated that embryos
super ovulated with vaccination to inhibin α-subunit
possess the potential to mature properly, indicating that
inhibin-based immunization might be employed as a
feasible strategy for superovulation within a wide variety
of vertebrate populations.
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