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Male factor infertility can be due to defects in the semen quality and sperm
parameters. The sperm head contains the acrosomal enzymes and the DNA required
for fertilization. Defects in the sperm head morphology can be a major factor associated
with male infertility. Lifestyle changes alter sleep and circadian rhythm which has
shown to affect the quality of semen. Circadian rhythm is the normal cycle of
physical, emotional, and behavioural changes the body undergoes every 24 hours.
Circadian rhythm has an impact on sleep quality and spermatogenesis, thus disrupted
circadian rhythm can alter sperm production. Sperm acrosome contain many proteins
responsible for fertilization, acrosin being commonest of the proteases. Acrosin activity
is essential for fertilization thus changes in the acrosin activity can affect fertilization
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1. INTRODUCTION

Infertility is a disease of the male or female reproductive system defined by the failure to achieve a
pregnancy after 12 months or more of regular unprotected sexual intercourse [1]. Infertility is experienced
by approximately 1 in 6 couples globally. Infertility is caused by male factors in 30%-50% percent of
cases [2]. Male factor infertility can be due to defects in sperm structure and function. Sperm-related
factors are among the most common reproductive challenges. These factors include abnormalities in
sperm count, motility, morphology, and DNA integrity. A low sperm count (oligozoospermia), poor sperm
motility (asthenozoospermia), and abnormal sperm shape (teratozoospermia) can all hinder the ability
of sperm to successfully fertilize the egg. A man is considered to have teratozoospermia if the number
of sperm with normal morphology in his ejaculate is less than 4% [3]. Structural components of mature
spermatozoa include head and tail. Sperm head consists of nucleus and acrosome whereas tail has got
4 parts: connecting piece, midpiece, principal piece and end piece.

A normal sperm has an oval head (2.5-3.5um wide, 5-6um long), a tail (50um), and an acrosome
covering 40-70% of head area [4]. Morphology of the sperm plays a crucial role in fertilization as defect
in morphology would affect sperm function. Defects in the tail (flagellum) can impair motility, reducing the
sperm’s ability to move towards the egg whereas defects in the head reduces sperm’s ability to bind and
penetrate the protective layers of egg and deliver its genetic material into the ooplasm. It has also been
observed that sperm structure and function may get altered during infections or surgical procedures
[5,6]. Sperm is also prone to undergo oxidative induced damage during cryostorage where sperm is
stored under subzero temperatures. Depending on the methods of cryostorage, the impact may differ
but functional compromise is sure to occur [7,8]. Studies have shown that oxidative stress alters sperm
chromatin including telomeres and shelterin components [9,10]. Lifestyle changes can also lead to the
defects in sperm production. Among the other lifestyle changes sleep has been found to be affecting
the sperm physiology. Sleep, including bedtime, length, and quality greatly influence seminal quality

influencing sperm parameters [11].

11. Effect of sleep on sperm parameters

Studies demonstrate that sleep plays a crucial role in regulating sperm function, as it influences hormonal
balance, cellular repair, and overall reproductive health. Higher levels of testosterone are produced during
sleep [12]. Disturbed testosterone levels will affect the sperm formation. In sleep deprived male rats lower
levels of testosterone and higher levels of progesterone and glucocorticoids were seen [13]. Low subjective
sleep quality was seen in the OAT (Oligo/astheno/teratozoospermia) patients [14]. The study showed that
patients with high sleep disturbances assessed by the Karolinska sleep questionnaire had a 29% lower
adjusted sperm concentration with scores>50 and 1.6% less morphologically normal sperm than those
with scores of 11-20 [15]. Low numbers of sperm cells, their survival rates, and decreased number of
progressively motile sperms were observed in those men sleeping for a short duration (<7h) and also in

those sleeping for a long duration (>9h) [16]. A study found an inverted U-shaped association between
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sleep duration and male fertility. Men who slept less than 6 hours or more than 9 hours per night had
lower fertility ratios than those who slept for average 8 hours. Additionally, men who experienced sleep
difficulties had lower fertility ratios compared to those who had no sleeping issues [17]. Sleep disturbances

also affect the internal biological clock/circadian rhythm of the body.

1.2. Circadian Rhythm and Spermatogenesis

Circadian Rhythm is a biological clock maintained within the body of an organism. The biological clock
helps organisms to recognize and act upon the changes in the environment. Internal chronological order is
maintained and internal changes occur simultaneously due to the biological clock [18]. The transcriptional-
translational feedback loop mechanism is exhibited by clock genes where CLOCK and BMALT1 are the
positive regulators and period (Per 1, Per2, and Per 3) and Cryptochrome (Cry1and Cry2) are the negative
regulators. CLOCK/BMAL1 heterodimer binds to the E-Box of the DNA and regulates the transcription
of various genes. The expression of other clock-related proteins, like Rev-erba is also promoted by
CLOCK/BMAL1, which further inhibits the formation of BMAL1.Thus many biological processes related to
these factors are affected by the change in any of these factors [19] (Figure 1). Spermatogenesis is among
these biological factors that is affected by clock genes. Studies in different clock gene knock-out models

have shown various defects in spermatogenesis [20].

Clock-Related
——— A C-REs iOwye —" | Gene Expression

GUOCK) BmaLT
— 54 E-Box o700 REVERBa — REVERBa
J

L

s RRE Kagag BMALT

il N Iy
— {  BMALT | | Pers | Crys  «—
(e Lt
3% E-Box PO Pers | —— | Pers
- L

5% E-Box POy Crys | — | Ciys

Figure 1: Molecular signalling pathway of circadian rhythm: CLOCK/BMALheterodimer binds to E-box sites present in tshe
promoter region, stimulating the production of essential clock transcription factors Pers and Crys which further inhibits binding
of CLOCK/BMALT1 heterodimer to E-box. CLOCK/BMAL1 heterodimer also regulates the formation of REVERBa which further
inhibits the formation of BMALT. Clock transcription factors also control clock-controlled gene expression.
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Spermatogenesis is a biological process through which male germline cells develop into mature
spermatozoa. Sperm mixed with secretions from accessory glands such as prostate and seminal vesicles
released during ejaculation [21-24]. The process of spermatogenesis consists of mitotic division where
spermatogonium undergoes mitosis to form primary spermatocyte and then meiotic divisions where
primary spermatocyte undergoes meiosis | to form secondary spermatocyte and meiosis Il to form
spermatid and then differentiation process known as spermiogenesis to form mature sperm (Figure
2). During spermiogenesis nuclear modification, acrosome formation and assembly of tail structures
takes place. In nuclear modifications spermatid nucleus undergoes condensation and elongation.
Histone proteins are replaced by protamines which allow the DNA to become highly compacted
and transcriptionally inactive. Nuclear modification is followed by acrosome formation. The acrosome
originates from the Golgi apparatus in early spermatids. Proacrosomal granules accumulate within the
Golgi complex and fuse to form a large acrosomal vesicle. This vesicle attaches to the anterior end
of the nucleus. Further acrosomal vesicle flattens and spreads over the nuclear surface to form the
acrosomal cap. During development of acrosome the centrosome, pair of centrioles proximal and distal
to the nucleus along with the accessory proteins, move to the side of nucleus which is opposite to
the acrosomal development. Proximal centriole anchors the tail to the sperm head and participates in
the formation of the connecting piece and the distal centriole initiates the formation of the axoneme,
the basic structural unit of the sperm tail. Elongation of axoneme takes place away from the nucleus.
Sperm mitochondria divide and elongate to form a mitochondrial sheath in the midpiece of tail. During

tail formation excess cytoplasm is also removed as residual body [25].

4% —— Golgi body .
— Mitochondria \ // Spermatogonium (2n)
.

b,

Mitosis
& ——Centriole ¢
n Primary

% % spermatocyte (2n)

= —— Developing acrosomal cap / \i"ﬂu‘fi s
Secondary
/e

3

/

A\ _ | spermatocyte (1n)

Spermatid (1n)

o« ~Q

— Flagellum /\.] Head

Midpiece

<_
«—
—
«—

7 Sperm (1n)

.4-

/A
S (353
<
/4

- Tail

N\ )
Excess Cytoplasm (
S

Figure 2: Schematic diagram of spermatogenesis including changes during spermiogenesis.

Spermatogenesis can be affected due to impaired circadian rhythm by various signalling pathways.
The suprachiasmatic nucleus (SCN), the central circadian pacemaker in mammals, coordinates the timing

of peripheral clocks by releasing signalling molecules, including hormones, to various organs. In male
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reproductive system, the SCN receives environmental cues and transmits this temporal information to
the testes to regulate spermatogenesis via the hypothalamic-pituitary-gonadal (HPG) axis. Changes in
the light-dark cycle prompt the SCN to synchronize gonadotropin releasing hormone (GnRH) neurons in
the brain, either through neural pathways or Kisspeptin neurons. GnRH then modulates testosterone
production in Leydig cells by influencing luteinizing hormone (LH) signalling, which in turn impacts
spermatogenesis (Figure 3a) [26—28]. During spermatogenesis, homologous recombination takes place
in the first meiotic division, enabling the exchange of genetic material between non-sister chromatids
on homologous chromosomes. If homologous recombination is inhibited, it prevents the repair of DNA
double-strand breaks in meiosis I, leading to spermatocyte death and a reduction in sperm count [29,30].
In prostate cancer cell lines Cry1 operate as a transcription factor to regulate homologous recombination
(Figure 3b) so it might be possible that presence of Cry1 gene also affect the homologues recombination
occurring in spermatogenesis [31]. A germ granule, that is, chromatid body is located in the cytoplasm of
mammalian germ cells, with a structure that changes throughout spermatogenesis. It first appears in late
pachytene spermatocytes and persists until the late stages of elongating spermatids [32,33]. Researchers
studying the chromatid body found the presence of BMAL1 and CLOCK proteins. In knockdown mice
models for Bmal1 or Clock genes it was found that the chromatid body became fragmented, suggesting
that these proteins are essential for its proper assembly (Figure 3c) [34]. In mice spermatogenesis retinoic
acid signalling is thought to play a crucial role by forming differentiated Al-type spermatogonia from
undifferentiated A-type spermatogonia, also initiating meiosis through the regulation of genes such as
Stra8, and influencing spermatid elongation (Figure 3d) [35].
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Figure 3: Schematic Diagram of circadian and non-circadian pathway regulating spermatogenesis. a) Regulation of GnRH
neurons by clock genes. b) Effect of Cry1 on homologous recombination as seen in prostate cancer cell lines. c) Effect of CLOCK
and Bmall gene on chromatid body as seen in KO mice models. d) Effect of Retinoic Acid signalling on A type spermatogonia
in mice.

BMAL1, CLOCK, CRY1, PER1, and PER2 have been shown to be expressed in Sertoli cells, spermatogonia,
spermatocytes, and the interstitial tissue of mouse testes, suggesting that these clock genes may play a
crucial role in the regulation of spermatogenesis [36]. Various experimental studies conducted on clock
gene knockout models have demonstrated disruptions in spermatogenesis, leading to altered sperm

development and function. Double knockout model for Global Per1/Per2 in elderly male mice (15 months)
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lead to decreased weight of testis and sperm motility, impaired testosterone synthesis and disordered
spermatogenic cells [37]. Study on CRY1 knockout mice model revealed that the absence of CRY1 gene
led to an increase in degenerated and apoptotic germ cells in the testis, as well as a reduced sperm count.
Also, the mRNA expression of PER2 was elevated in the testis of CRY1 knockout mice compared to wild-
type controls [38]. Decreased sperm count and quality can be related to disturbed circadian desynchrony.
Circadian desynchrony means adapting sleep/wake cycles inconsistent with the inner biological clock.
It can occur from many reasons such as job-related in the case of shift workers and non-job-related
due to the use of mobile phones or other sleep disorders [39,40]. Circadian desynchrony affects the
biological clock genes which can be linked to male infertility. A study demonstrated that infertile men with
asthenozoospermia (low sperm moaotility) had lower expression levels of five clock genes, that is, BMALI,
Clock, CRY1, PER1, and PER2 as compared to the expression of these genes in healthy fertile men [41].
These findings suggest that clock genes play a critical role in regulating the processes involved in male

fertility, and their absence can result in significant reproductive impairments.

1.3. Sperm Head Defects, Altered Circadain Rhythm and Acrosin activity

Abnormalities in sperm head can impair ability of sperm to bind and penetrate the egg barriers, essential
for successful fertilization. The head of the sperm contains enzymes that help it pass through these
layers. Sperm head is an important region bearing oocyte activation factor PLC zeta in the post-acrosomal
area. Studies have correlated PLC zeta with sperm head morphology. Sperm extra-mitochondrial citrate
synthase has also found to activate oocyte and its levels were found to be decreased in patients with ICSI
failure [42—44). Various sperm head defects include: sperm with abnormally large head (macrocephaly),
sperm smaller head size (microcephaly), sperm head is too small and looks like a pin, tapered head where
sperm head narrows toward the tip, amorphous head where sperm head has an irregular appearance
without a defined structure, pyriform head where sperm head is pear shaped, globozoospermia where
sperm head is round instead of oval with very less or no acrosome, vacuoles constituting more than 15" of
the head area or presence of any vacuoles in post acrosomal area, sperm head with acrosomal area less
than 40% or more than 70% of head area or absence of acrosomal area (Figure 4). These morphological

defects can alter the acrosomal content thereby compromising the sperm fertilization potential.

Figure 4: Schematic Diagram of various sperm head defects: a) Normal Head shape; b) Macrocephaly; c) Microcephaly; d) Pin
head; e) Tapered head; f) Amorphous head; g) Pyriform head; h) Globozoospermia (Round head); i) >2 Vacuoles; j) Vacuole in
Post acrosomal area; k) Less acrosomal area; [) No acrosomal area.
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Acrosin is a serine protease present in the acrosomal area of the sperm head in proacrosin form
(Figure 5). It is required for the penetration of zona pellucida during fertilization. Studies showed that
subjects having low acrosin-proacrosin activity were infertile irrespective of normal sperm motility. In vitro
fertilization (IVF) can also fail due to aberrant proacrosin activation and lower acrosin activity [45—48].
Acr knockout hamsters showed the failure of sperm to penetrate the zona pellucida but no effect was
seen on sperm and oolemma fusion [49]. Measuring acrosin activity can be useful in determining the best
approach for couples undergoing ART (IVF or ICSI) [50]. As acrosin activity is important for fertilization
many factors leading to male infertility can be by affecting this acrosin activity. Recent research studies
have pointed out that sleep patterns and circadian rhythm may significantly impact male fertility. Irregular
sleep cycles can potentially disrupt the quality and quantity of sperm produced this disruption can be by

affecting the acrosin activity.

PROACROSIN
HYALURONIDASE

ACROSOME

Figure 5: Schematic Diagram of sperm head showing acrosome containing proteolytic enzymes hyaluronidase and proacrosin
(inactive form of acrosin).

Sperm head defects, such as abnormal morphology can be associated with reduced acrosin activity.
Defects such as globozoospermia lack acrosome thus acrosin enzyme is absent and no acrosin activity
has been observed [51]. Defects in the formation of acrosome in the sperm also decreases acrosin activity

as low or no acrosin will be present.

During spermatogenesis spherical spermatids and growing acrosome are the only stages linked
to CLOCK genes [52]. Studies performed in mice model with knockout CLOCK expression in round
spermatids and testes revealed no significant changes in testes’ weight and testosterone but CLOCK
knockdown sperms had decreased acrosin activity and affected blastula development [53]. CLOCK
knockdown animals were also checked for changes in the protein expression by proteomics technique.
Serine protease inhibitors were found to be the two affected clusters focusing on Serpina3k, a

serine/cysteine peptidase inhibitor from clade A. Increased Serpina3k was found in knockdown CLOCK
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sperm. Serpina3k decreases the acrosin activity thus low acrosin activity is found in CLOCK knockdown

sperm [54].

2. CONCLUSION

Lifestyle changes including sleep affects sperm parameters. Circadian Rhythm regulates spermatogenesis
and therefore any disturbance in sleep/circadian rhythm can affect sperm parameters that would lead to
male infertility. Studies in the animal models has shown, knockdown CLOCK genes affect the acrosin
activity. Studies have shown that low acrosin activity is responsible for male infertility. Studies done in
animal models have revealed that acrosin activity is also affected by the changes in the clock genes
causing fertilization failure but no information is available for humans. As head defects are more common
in infertility cases and as the disturbances in sleep/circadian rhythm are also causing male infertility it can
be studied whether the defect in clock genes is one of the factors affecting acrosin activity in human

infertility cases having sperm head defects.
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