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ABSTRACT 
Follicle-stimulating hormone (FSH) and testosterone are essential for the 
spermatogenesis. FSH acts on FSH receptor (FSHR) present in Sertoli cells 
to support spermatogenesis. Luteinizing hormone (LH) act on Leydig 
cells which stimulates testosterone production which completes the 
spermatogenesis. Their levels are regulated by a negative feedback loop 
to balance the hormone production. The balanced levels of these hormones 
are essential for maintaining the sperm parameters. In case of excessive 
or deficiency of FSH and testosterone levels, sperm quantity and quality 
got affected and lead to male infertility. In male factor infertility with low 
to normal FSH and testosterone levels, FSH supplements with or without 
LH or Human chorionic gonadotropins (HCG) supplements can maintain 
spermatogenesis even in presence of low levels of testosterone. Only 
testosterone replacement therapy can suppress of FSH and LH that can 
lead to decrease in semen parameters and male infertility. Also, high level 
of testosterone can damage the sperm and can lead to male infertility. In 
this article, role of FSH and testosterone in abnormal semen parameters 
had been explained and type of hormonal therapy which can be beneficial 
in these cases. 
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Introduction 
Male infertility is equally contributing in reasons of 
infertility as female infertility that accounts for 
approximately 30 to 40%.1 Semen analysis is the 
most important investigation to the detect the male 
infertility. As per semen analysis parameters of World 
Health Organization (WHO) 2010 criteria, different 
terminologies are used to define the abnormal sperm 
parameters - azoospermia, oligozoospermia, 
asthenozoospermia, teratozoospermia, 
oligoasthenoteratozoospermia (OAT). Abnormal 
sperm parameters can be defined as low sperm 
concentration of <15 million/mL (oligozoospermia), 
less total sperm motility of <40% with less progressive 
sperm motility of <32% (asthenozoospermia), low 
sperm morphology of <4% (teratozoospermia) and 
combination of all abnormal parameters 
(oligoasthenoteratozoospermia).2 Male hormones - 
Follicle-stimulating hormone (FSH) and testosterone 
act through Hypothalamus Pituitary Testicular (HPT) 
Axis and work together synergistically to control 
spermatogenesis.3 FSH stimulates the proliferation 
of Sertoli cells, supports germ cell development and 
the early stages of spermatogenesis and testosterone 
helps in maintaining the later stages and completion 
of spermatogenesis. Their levels are regulated by 
a negative feedback loop to balance the hormone 
production. The balanced levels of these hormones 
are essential for maintaining the sperm parameters. 
In case of excessive or deficiency of FSH and 
testosterone levels, sperm quantity and quality got 
affected and lead to male infertility. Supplementation 
of these hormones helps in treatment of male 
infertility in many cases. In this article, the essentiality 
of Follicle-stimulating hormone (FSH) and testosterone 
for spermatogenesis had been discussed along with 
its effect on sperm parameters and type of hormonal 
therapy which can be beneficial in these cases. 
 

Hypothalamus Pituitary Testicular 
(HPT) Axis  
Hypothalamus Pituitary Testicular (HPT) Axis is the 
key axis to regulate the spermatogenesis in males.3 It 
starts in the hypothalamus that releases gonadotropin-

releasing hormone (GnRH) in pulsatile manner and 
which stimulates the anterior pituitary gland to 
release the gonadotropins - follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH). FSH 
stimulates the Sertoli cells in the testes through FSHR 
receptor and further stimulates spermatogenesis. 
LH acts on Leydig cells in the testes which helps in 
testosterone (T) production. The levels of GnRH, 
LH, and FSH are controlled by negative feedback 
mechanism through testosterone and aromatization 
of testosterone to estradiol (E2).4 
 

Spermatogenesis 
Spermatogenesis is a male reproductive process 
occurring in the seminiferous tubules of the testis that 
includes germ cell proliferation and differentiation. 
The tubules are made up of three important cells - 
peritubular myoid (PTM) cells, Sertoli cells and germ 
cells. PTM cells are located in external wall of the 
tubule and helps in sperm maturation and transport. 
Sertoli cells (SC) releases growth factors which are 
required for germ cells proliferation and differentiation. 
These are located at the base of the seminiferous 
tubules of the testis where they form an impermeable 
and immunological barrier called blood-testis barrier 
(BTB) and maintain the renewal of spermatogonia 
stem cells (SCC). SCC initiates the spermatogenesis 
process and produces differentiated spermatogonia 
which transforms into spermatocytes. Spermatocytes 
undergo meiosis to produce haploid round 
spermatids which after transformation to final 
spermatozoa are released in the lumen.5 FSH is 
required for the proliferation of Sertoli cells and germ 
cells and particularly important in the early stages of 
spermatogenesis. Testosterone is primarily required for 
the completion of meiosis in spermatogenesis, sperm 
differentiation, maturation and release of sperms. 
 

FSH action  
FSH is an important regulator of Sertoli cell (SC) 
proliferation and plays an important role in prepubertal 
preparation for spermatogenesis and pubertal 
spermatogenesis regulation.6 SC are the somatic 
cells in seminiferous tubules which provides 
supporting environment for spermatogenesis. Its 
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number is determined by FSH action at neonatal 
and during pubertal age and also determines daily 
sperm production.7  

 

FSH is a glycoprotein made up of two subunits - 
FSHɑ which is shared with other glycoproteins and 
FSHβ subunit which is peculiar to FSH. The human 
FSHβ is encoded by the FSHB gene located on 
chromosome 11p21 and its receptor FSH receptor 
(FSHR) is exclusively present on the cellular membrane 
of SC.8 FSHR expression begins in the second half 
of gestation and but it activates in newborn when 
FSH secretion starts. At the time of puberty, pituitary 
FSH production increases which triggers Sertoli cell 
proliferation. The level of serum FSH determines 
the Sertoli cell number which further corelates with 
the quantity of sperm production and testicular size 
in adulthood.9 

 

When FSH binds to the membrane-bound G-protein 
coupled receptor FSHR, conformational changes 
occur in FSHR which generates FSH signaling. FSHR 
recruits different types of G proteins to mediate 
different signaling pathways. There are five types 
of FSH signaling pathways occurring in SC - cyclic 
adenosine monophosphate (cAMP)/protein kinase 
A (PKA) pathway, extracellular-regulated kinase 
(ERK)/mitogen-activated protein kinase (MAPK) 
pathway, phosphoinositide 3-kinase (PI3K) pathway, 
calcium pathway and phospholipase A2 pathway 
which regulate spermatogonia pool maintenance, 
spermatogonia differentiation, entry into meiosis 
and positively regulates spermatocyte survival and 
limits their apoptosis.6 SC also helps in germ cell 
coordination and metabolite exchanges via 
seminiferous epithelium through tight junctions which 
further helps in regulation of complex endocrine 
and paracrine function of spermatogenesis.10 So, in 
males, FSH helps in maintaining the fertility. In the 
absence of FSHR function, oligospermia can happen 
and mutation in FSHβ subunit causes azoospermia 
and infertility.11,12 
 

Testosterone action  
Testosterone is the male reproductive androgen 
produced by the Leydig cell in the testis which help 

in regulation of qualitative spermatogenesis. Anterior 
pituitary gland secretes luteinizing hormone (LH) 
into the circulation which binds to its receptors on 
Leydig cells.13 It increases the level of cAMP levels 
which help in expression of two proteins: StAR (the 
steroidogenic acute regulatory protein) and CYP11A1 
(the cholesterol sidechain cleavage enzyme). StAR 
helps in the transfer of cholesterol from the outer to 
the inner mitochondrial membrane and CYP11A1 
converts cholesterol to pregnenolone which is the 
precursor of all steroid hormones and results in 
testosterone production.14 

 

Testosterone concentration is 50 100-fold higher 
within the testis than in peripheral circulation.15 
Testosterone diffuses into Sertoli cells and binds to 
the androgen receptor (AR) located in middle of the 
sperm in the mitochondrial region and are present 
in the cytoplasm and nucleus to complete the 
spermatogenesis.16 So, both gonadotrophins LH and 
FSH along with high intratesticular testosterone 
concentration with direct action on AR in Sertoli 
cells are important for spermatogenesis.17  
 

Testosterone directly act on specific androgen 
receptors and indirect act through intracellular 
conversion to dihydrotestosterone by 5-alpha 
reductase at cell level. Both testosterone and 
dihydrotestosterone bind to cell receptors and 
help in protein expression that maintains the BTB, 
supporting the completion of meiosis, the adhesion 
of elongated spermatids to Sertoli cells and the 
release of sperm through classical and non-classical 
signaling pathways.18,19 Testosterone is also converted 
to estradiol by aromatase enzyme which stimulates 
pituitary FSH secretion and so indirectly helps in 
FSH mediated SC proliferation and modulates libido, 
erectile function and spermatogenesis.20  

 

As we know testosterone binds strongly with AR, low 
hydroxyl group in testosterone leads its entry into 
the cell rather than binding to plasma membrane.21,22 
This helps in anti-apoptosis and sperm metabolism.23,24 
If testosterone levels go very high, there will be 
uncontrolled entry of testosterone inside the cell 
which alters the signal pathways causing inhibition 
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of anti-apoptotic properties leading to damage to 
sperm chromatin.25,26 Low levels of testosterone 
maintain the sperm energy, anti-apoptotic 
properties and has positive effect on chromatin 
quality.27 Its seems that though testosterone is critical 
for spermatogenesis, but low testosterone levels 

mpact the semen quality much but opposite 
is not true. As per one study done on 853 patients 
with at least 5 million total motile sperm in which 
116 had low TT (Testosterone) (<264 ng/dL) and 737 
had normal TT ( 264 ng/dL), sperm parameters like 
semen volume, sperm cell count, progressive (A + 
B) motility and morphology ( 4% strict Kruger) 
were lower in the low testosterone group but not 
significant difference between low and normal TT 
groups.28 In a study of unexplained infertility, low 
levels of testosterone were associated with abnormal 
sperm morphology and lower live birth rates.29 
Testosterone opposes the free radicals in cells by 
maintaining the genes of intracellular enzymes. In 
case of oxidative stress, both testosterone and 
estrogen activate signal pathways such as PI3K/Akt, 
MAPKs and manages mitochondrial electron transport 
chain, cell morphology, and gene expression.30 
Various studies showed that testosterone is very 
important for sperm parameters like motility and 
morphology. 
 

Hormonal therapy 
FSH, LH and testosterone are the important male 
reproductive hormones to control the testicular 
functions (sperm and androgen production). 
Spermatogenesis is physiologically regulated both by 
FSH and LH-dependent intra-testicular testosterone. 
So, reduced FSH levels results in low testosterone 
hormone secretion with low sperm production. 
 

A meta-analysis showed that gonadotropin 
supplementation in subjects with hypogonadotropic 
hypogonadism (HHG) and azoospermia helps in 
spermatogenesis and testosterone replacement 
therapy (TRT) is not of use in these cases.30 Various 
studies showed that FSH administration in HHG and 
normozoospermia improves the sperm parameters 
 count, motility, morphology and reduces DNA 

fragmentation, production of reactive oxygen species 
and aneuploidy.31,32 

 

As it is known that LH acts on the Leydig cells 
stimulating testosterone production and activates 
spermatogenesis regulatory pathways. HCG can 
be given as a surrogate for LH in HHA and non-
obstructive azoospermia (NOA).33 HCG and LH 
both can bind to the same LHCGR receptor on the 
Leydig cells. But HCG can bind with greater affinity 
and has a longer half-life.34 So, HCG is the good 
alternative for LH for hormonal treatment. In one of 
the review, HCG with or without hMG/FSH is the 
best suitable option in hypogonadal infertile male 
with avoidance of testosterone supplementation.35,36 

 

Testosterone replacement therapy can suppress of 
FSH and LH that can lead to decrease in semen 
parameters and male infertility. As per study, short-
acting testosterone preparations do not decrease 
serum FSH or LH to the same extent as longer-acting 
transdermal gels and injectables.37 It was observed 
that many individuals showed low testosterone levels 
with normal sperm concentration.38 Testosterone 
substitution therapy is not given nowadays. Instead, 
males should be treated with FSH and LH/HCG 
preparations which stimulate intratesticular 
testosterone production by the Leydig cells.39 

 

Conclusion 
FSH and testosterone are essential for the 
spermatogenesis. But it is observed that FSH 
supplements with or without LH/HCG supplements 
can maintain spermatogenesis even in presence of 
low levels of intratesticular testosterone. Also, high 
level of testosterone can damage the sperm and 
can lead to male infertility. 

 

 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/transdermal
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