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Abstract 
Since transcription and translation are absent in spermatozoa, thus they may depend on their extracellular 

environments for expression of their normal functional parameters. Prostasomes are extracellular vesicles 

present in seminal plasma that fuse with spermatozoa and modify their functional parameters. Present 

review discusses the role of Prostasomes in improvement of sperm functional parameters.   
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Introduction 
One of the most special features about the spermatozoon is that its DNA is highly compacted 

due to the replacement of histones by Protamines, because of which the known processes of 

transcription and translation become impossible within the spermatozoa. Therefore, largely, 

the spermatozoa are dependent on their extracellular environment for their protection against 

oxidative stress, acrosome integrity and motility, and perhaps for many other of its functional 

parameters. No doubt, sperm maturation is a complex process and the molecular mechanisms 

involved in this process are still largely unknown, but in the past few decades, it is becoming 

increasingly clear that extracellular vesicles secreted by the male reproductive tract are 

involved in the process of sperm maturation and improvement of sperm functional parameters  

[1]. Spermatozoa encounter different kinds of extracellular environments in male and female 

reproductive tracts, which modulate their metabolism differently. There is also a modification 

of their membrane and intracellular structures, and their biochemical composition. The end 

effect of all these metabolic modifications leads to a fully functional male gamete ready to 

pass through different barriers present in the female reproductive tract and around the oocyte. 

The concept of different kinds of possible interactions between spermatozoa and different 

components of the reproductive tract present in the sperm extracellular environment has 

attracted the interest of reproductive biologists for decades. Mixing of spermatozoa with the 

secretions of male reproductive tract accessory glands takes place at the time of ejaculation.  

Semen constitutes the combined secretions of the testes and various accessory glands. Seminal 

plasma contributes to the safe environment for sperm maturation, sperm viability and 

fertilization in mammals. Biochemical composition of seminal plasma is very complex and 

variable among species. It not only acts as a nutritive-protective medium for spermatozoa, but 

a few components are very important for sperm metabolism, as well as sperm function, 

survival, and transport in the female reproductive tract [2]. In relation to this, there is emerging 

interest in the extracellular vesicles secreted in seminal plasma by the male reproductive tract 

accessory glands. Extracellular vesicles have been classified into various types, microvesicles 

is one of them [3, 4]. These extracellular vesicles are especially secreted by the epididymis and 

the prostate; so they have been named as Epididymosomes and prostasomes respectively [5]. 

The prostate is a prominent accessory sex gland present in all male domestic mammals. In 

addition to soluble proteins and other molecules, the secretory acinar cells of the prostate gland 

also release exosome like vesicles, known as prostasomes, into the seminal plasma [1]. These 

are present in larger vesicles in acinar cells, and are secreted when the multivesicular bodies 

fuse with the plasma membrane of acinar cells.  

Prostasomes form a heterologous population of multilayered lipid membrane with regard to 

size and appearance as observed under electron microscope [6]. These contain CD9, a 

ubiquitous marker of exosomes [6].  
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Prostasomes have high cholesterol: phospholipid ratio (close 

to 2:1) and sphingomyelin represents half of their 

phospholipid content [7]. This unusual lipid composition 

confers particular biophysical characteristics on prostasomes. 

They are thought to play an important role in intercellular 

communication by direct interaction primarily between the 

prostate acinar cells and the spermatozoa [8]. They transfer not 

only membrane components but also genetic material to 

spermatozoa, and they are rich in various transferable 

bioactive molecules (e.g. receptors and enzymes) that favour 

the fertilizing ability of spermatozoa [8]. 

Prostasomes have been found in seminal plasma of rabbit, 

ram, stallion, epididymal fluid of rat [9-12], including bovine 
[13]. Prostasomes are involved in several biological functions 

with antioxidant capacity [14], and interactions with sperms [11, 

15, 16], to promote forward motility [17, 18]. Most of the research 

on properties of prostasomes has been reported in case of 

human beings. Modulation of sperm functions and the 

presence of several enzymes have also been documented in 

equine prostasomes [19, 20]. In pigs, the prostasomes fuse with 

the spermatozoa, and results in the prostasomes to 

spermatozoa transfer of aminopeptidase activity and induction 

of acrosome reaction in spermatozoa under capacitating 

conditions [21]. Prostasomes were already purified from 

seminal plasma samples obtained from human, canine, equine 

and bovine species [22].  

 

Isolation of the prostasomes 

Prostasomes can be purified from the seminal plasma by 

serial centrifugations followed by gel filtration [1], and purified 

boar, human and equine prostasomes contained cholesterol 

and phospholipids in ratios 1.8, 2.0 and 1.7 respectively [23].  

 

Characterization of the prostasomes by surface markers: 

Caveolin-1 and CD26  

Earlier studies with prostasomes in human beings and equines 

have shown that the prostasomes are microvesicles with their 

membranes containing caveolin-1 and CD26 antigens (the 

surface markers), and exhibit antibacterial and antioxidant 

properties [20, 24]. Prostasomes show binding with FITC-

conjugated caveolin 1 and CD26 antibodies [25]. Prostasomes 

fractions isolated from the culture supernatant of PC-3 cells 

(prostate cancer cell line) were positive for caveolin-1 

immunostaining [24]. Prostasomes isolated from horse seminal 

plasma present at their surface a highly specific protein 

marker/surface antigen called as dipeptidyl peptidase 

IV/CD26, which is also known to characterize human 

prostasomes [20]. 

 

Caveolin -1  

Caveolin-1 (cav-1) belongs to the caveolin family. It is a 

multifunctional raft associated membrane protein [26]. Cav-1 is 

mainly found in plasma membrane invaginations named 

caveolae. It forms a scaffold at the Golgi region onto which 

many classes of signalling molecules are recruited to generate 

pre-assembled signalling complexes. Expression of individual 

members of the caveolin families of proteins is cell-type 

specific. Human prostate carcinoma PC-3 cells 

simultaneously express MAL, BENE, MAL2 and cav-1 [24]. 

The four proteins present in rafts were co-localized in an 

apparently multivesicular compartment, which also contained 

the glycosylphosphatidyl inositol (GPI)-anchored protein 

CD59. Cav-1 stimulates cell survival, and contributes to 

metastasis in prostate carcinoma, so cav-1 secretion may be a 

novel function of prostasomes with relevance to prostate 

tumour progression [27]. 

 

Dipeptidyl peptidase IV (CD26)  

Dipeptidyl peptidase IV (CD26) was found to be a component 

of the prostasomes only. It was proposed to play a role in the 

prostasome-sperm interaction. By immunostaining studies, 

using FITC conjugated CD 26 antibodies; it was shown that 

the whole sperm cell was stained and that the stain was most 

intense on the midpiece region. This indicated that 

prostasomes could adhere to the sperm cell and binding was 

most intense in the midpiece region [28].  

 

Aminopeptidase activity as a marker of prostasomes 

Aminopeptidase or CD13 is a 150 kDa zinc-dependent 

proteolytic enzyme and it is a useful marker for prostasomes. 

It was reported that prostasome vesicles isolated from porcine 

semen revealed aminopeptidase activity but sperm samples 

revealed no aminopeptidase activity before the addition of 

vesicles [21]. Spermatozoa incubated with vesicles displayed 

aminopeptidase activity which increased by 30 minutes of 

incubation. It was observed that about 14% of aminopeptidase 

activity was transferred from prostasome vesicles to the sperm 

cells by 30 minutes. 

 

Chemical complexity of prostasomes 

Prostasomes membrane cholesterol: Phospholipids ratio  

Unlike plasma membranes, which have a 1:1 ratio of 

cholesterol to phospholipids, the prostasome membrane has a 

ratio, which is 2:1 [28]. The cholesterol to phospholipids ratios 

in isolates of human and equine prostasomal membranes were 

2.0 and 1.7 respectively, whereas the ratio was only 0.67 in 

the human sperm cell plasma membrane [16]. Boar 

prostasome-like vesicles share some characteristics with 

equine and human vesicles, such as the electron microscopy 

features, the high cholesterol: phospholipid ratio and the 

phospholipid composition [23]. Prostasomes in bulls have a 

diameter of 50 to 500 nm, a cholesterol: phospholipid ratio of 

2, a high content of sphingomyelin, and many proteins 

associated with them e.g. enzymes like aldose reductase, and 

Mullerian inhibiting factor [29]. 

 

Functional role of prostasomes 

Bactericidal effect of prostasomes 

A dose-response relationship of prostasomes (0-200 μg/mL) 

with Bacillus megaterium (1 X105 CFU) was reported when 

incubated for 1 h [28]. Prostasome concentrations less than 20 

μg/mL had no visible growth inhibitory effect on the bacteria 

but a clear cut effect was, however, seen at a prostasome 

concentration of 20 μg/mL. A complete inhibition of growth 

was obtained with prostasomes concentration of 30 μg/mL 

and above. 

Incubation with minute amounts of prostasomes results in a 

marked decrease or a total inhibition of outgrowth of Bacillus 

megaterium and some other bacterial strains [28]. However, the 

intact prostasomes are not an obligatory requirement for the 

antibacterial effect, since fractions obtained after detergent 

and ultrasonication treatment of prostasomes, which 

contained prostasomes derived peptides, were also fully active 

against bacterial growth [28]. The antibacterial activity of 

prostasomes was attributed to its effect on bacterial 

membrane. It has been demonstrated that prostasomes contain 

large amounts of chromo gran in B [30]. A C-terminal fragment 

of chromogranin B is known to have potent antibacterial 
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activity. The antibacterial activity of these peptides have been 

attributing to their ability to form channels through the 

bacterial wall and membranes [31]. Other parts of 

chromogranin B also proved to possess antibacterial activity 
[32]. The prostasomes caused bacterial membrane deformation, 

which resulted in the formation of membrane cavities [28]. A 

complete pore formation in the bacterial membrane resulted in 

the abolition of action potential across the cell membrane of 

the bacteria, and electrochemical and chemical gradients 

across the bacterial membranes as well, which are necessary 

to its survival, were lost resulting in bacterial cell death.  

 

Effect of prostasomes on functional parameters of 

spermatozoa  

The prostasomes vesicles are enriched with different proteins 

and divalent cations such as calcium, zinc, and magnesium. 

Studies with prostasomes reported the presence of 139 

different proteins [33], while other studies have reported the 

presence of 440 different proteins and divalent cations. About 

one third of these identified proteins have been found as 

prostasomal enzymes [34]. The identified 139 prostasomal 

proteins were further subdivided in to six categories as 

enzymes (35%), transport/structural proteins (19%), GTP 

proteins (14%), signal transduction proteins (17%), chaperone 

proteins (6%) and novel proteins (9%) [33]. recently, it has 

been observed that prostasomes also contain DNA fragments 

that are transferred to spermatozoa, but the significance of this 

observation is yet to be elucidated [8]. 

It has been proposed that spermatozoa remain in contact with 

prostasomes, and are able to interact with them in suitable 

environment that promotes their fusion [1]. Since, it has been 

shown beyond doubt that prostasomes have ability to fuse 

with sperms, so they can exchange their contents with the 

sperms. This theory is also supported by the observation that 

both spermatozoa and prostasomes contain a net negative 

surface charge, and on comparison, prostasomes are slightly 

less negative than spermatozoa [15]. Thus, there is possibility 

of sperm-prostasomes interaction that can be rather strong and 

of a hydrophobic nature. This clearly leads to the conclusion 

that they have the ability to affect many of the sperm 

functional parameters. This is further supported by the work 

done with human prostasomes, which are shown to be 

involved in several biological functions [11, 14-18]. These 

properties along with the presence of several enzymes have 

also been found in equine prostasome [19, 20]. The fusion 

between prostasomes and spermatozoa is never very large 

(10-20%), even in best conditions, but it is a quick 

phenomenon with a hyperbolic time course; it is practically 

finished within 10 min after mixing prostasomes and 

spermatozoa [11]. On the other hand, its quickness may have a 

physiological relevance, considering that the time of contact 

of prostasomes and spermatozoa at pH values low enough 

(below 7.0-7.5) to produce fusion is probably rather limited in 

physiological conditions. Lipids and membrane-bound 

proteins are both transferred through fusion [11], and some 

characteristics of sperm membranes such as fluidity, change 

upon fusion with prostasomes [16]. The fusion appears to be 

specific for spermatozoa because it does not occur with 

lymphocytes [35], probably due to the absence of necessary 

proteins, not yet identified. 

 

Antioxidant activity of prostasomes 

Reactive oxygen species (ROS) were mainly produced by 

polymorphonuclear neutrophils (PMN) in sperm cell 

suspensions. Supplementing prostasomes to sperm cell 

suspensions reduced the overall ROS production. The 

prostasomes in semen exert their antioxidant effect due to 

their interaction with leukocytes [14].  

ROS have been proved as a major cause of idiopathic male 

infertility. The reason of infertility in the 40 % of semen 

samples from infertile human patients was linked to an 

abnormally high ROS production, whereas none of the fertile 

semen samples showed abnormal levels of ROS [36]. 

Spermatozoa have been found to be very sensitive to 

oxidative stress. Excessive ROS originating from immature 

sperm as well as from leukocytes can infiltrate into seminal 

plasma, impairing normal sperm function by peroxidation of 

unsaturated fatty acids in membrane of spermatozoa and by 

DNA fragmentation [37]. High sensitivity of spermatozoa to 

this peroxidative damage has been attributing to relatively 

higher content of unsaturated fatty acids in their plasma 

membranes, and their limited capacities of scavenging the 

free radicals due to small cytoplasmic volume [38]. On the 

other hand, a physiological level of ROS is crucial for sperm 

activation, capacitation and acrosomal reaction. 

Incubation of sperms with prostasomes in sp-TALP buffer 

significantly reduced the ROS concentration (P<0.01), while 

no significant ROS reduction was observed in sp-TALP 

sperm suspensions without prostasomes [25]. Prostasomes 

stabilize the cellular membranes of spermatozoa and 

leukocytes, and reduce the concentration of ROS in the semen 

[14]. An exchange of cholesterol from prostasomes to 

spermatozoa has also been proposed as a mechanism that 

modifies the sperm membrane cholesterol: phospholipids ratio 

thereby stabilizes it and reduces the lipid peroxidation of 

sperm membrane [39]. These findings suggest that prostasomes 

treatment to a semen sample (or the extender used in 

cryopreserved semen) may help in preventing abnormal ROS 

levels in the seminal plasma of fresh semen and in the 

extender of cryopreserved semen (ROS produced during 

process of cryopreservation) resulting in the enhancement of 

semen quality.  

 

Prostasomes and sperm motility 

Sperm motility has been a critical factor in judging semen 

quality since it influences the fertilizing capability of 

spermatozoa. The motility pattern of spermatozoa promoted 

by prostasomes confers successful oocyte fertilization [40]. The 

improvement of sperm motility by prostasomes is required to 

penetrate the cervical mucus in the lower female reproductive 

tract, while, vigorous beating of the sperm tail is necessary for 

the penetration of the zona pellucida in the upper female 

reproductive tract. It was reported that presence of 

prostasomes in swim-up medium increased the number of 

motile spermatozoa by 30% after thawing of cryopreserved 

semen samples [28]. The reason proposed behind the 

improvement of sperm motility by prostasomes is that 

prostasomes modulate the concentrations of divalent cations 

in and around the spermatozoa that in turn enhances the 

flagellar motility [40]. In addition, prostasomes also stimulate a 

prostasomal ATPase activity [41], which in turn may enhance 

the energy availability to spermatozoa. Promotion of sperm 

progressive motility by spermatozoa has been reported in 

humans. The transfer of calcium signaling proteins from 

prostasomes to spermatozoa seems to be the mechanism 

involved in sperm motility improvement [40]. Moreover, 

revival of motile spermatozoa, and the percentage of 

spermatozoa presenting progressive motility was found to be 
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significantly higher in swim-up media containing prostasomes 

until 1 h of incubation [17], after which it was found to be 

diminished, most probably because of a lack of fuel [42]. 

The prostasomes express promotive effect on improvement of 

sperm progressive motility [42, 43]. The recovery of motility in 

immobilized spermatozoa sample was recorded as 56 

passages per min, on incubation of immobilized spermatozoa 

in the prostasomes supplemented swim up medium [43]. The 

addition of prostasomes increased the proportion of motile 

spermatozoa from about 15% to 50-70% [42], thus there was an 

increase in the progressive motility of spermatozoa by about 

35 to 55%. The motility stimulating effect of prostasomes 

could be attributed to several mechanisms. One of the 

possible justifications could be a prostasomes-sperm cells 

close contact due to which sperm membrane properties, such 

as membrane permeability to Ca2+ and H+, might be changed. 

Another potent factor is vasoactive intestinal peptide (VIP) 

present in the prostasomes [30], which is a known stimulator of 

adenylate cyclase activity. Adenylate cyclase then synthesizes 

the second messenger cyclic AMP (cAMP) from ATP. 

Indeed, cAMP has a potent well-demonstrated effect in the 

initiation and maintenance of sperm motility [44]. Elevated 

cAMP level also leads to protein kinase activation that in turn 

leads to enhanced phosphorylation of multiple endogenous 

proteins [45], one of them is axokinin (an axonemal protein), 

which is associated with this activation of mammalian sperm 

towards sperm motility. Dipeptidyl peptidase IV (also known 

as CD26) is a known component of the prostasomes [46]. 

Dipeptidyl peptidase IV is able to mediate binding of cells to 

extracellular matrix proteins [47], thus it can be hypothesised 

that the dipeptidyl peptidase IV may also play a role in the 

prostasomes-sperm interaction. Substance P, which regulates 

the activation of acetylcholine, can be cleaved by dipeptidyl 

peptidase IV; the prostasomes-bound activity of dipeptidyl 

peptidase IV might influence the regulatory effect of 

acetylcholine on sperm motility [48]. 

 

Prostasome role in spermatozoa adenosine triphosphate 

(ATP) production  
Prostasomes harbour distinct subsets of proteins that may be 

linked to ATP metabolic turnover that in turn might be of 

importance in the role of prostasomes as auxiliary instruments 

in the fertilization process. Twenty-one prostasomal proteins 

were identified among which, most of the enzymes related to 

anaerobic glycolysis were present and three of the glycolytic 

enzymes present were among the top 10 proteins found in 

most exosomes, linking prostasomes to the exosome family. 

Other prostasomal enzymes involved in ATP turnover were 

adenylate kinase, ATPase, 5-nucleotidase, and hexose 

transporters. The identified enzymes in their prostasomal 

context were operational for ATP formation when supplied 

with substrates. The net ATP production was low due to a 

high prostasomal ATPase activity that could be partially 

inhibited by vanadate that was utilized to profile the ATP-

forming ability of prostasomes. Glucose and fructose were 

equivalent as glycolytic substrates for prostasomal ATP 

formation and the enzymes involved were apparently surface 

located on prostasomes [22]. 

Continuous supply of ATP to the sperms is required for 

maintenance of motility [49]. ATP production takes place 

either through oxidative phosphorylation within mitochondria 

located in the midpiece or by glycolysis in the principal piece 
[49]. Several studies support the concept that ATP utilization 

by dyneins in generation of sperm motility consumes a high 

proportion of the total sperm ATP [50]. In addition to sperm 

motility, much other fertility related multiple cellular and 

biochemical processes are ATP dependent for their successful 

occurrence [51]. Thus, the maintenance of ion gradients across 

the sperm plasma membrane that ensures the integrity of the 

plasma membrane (cell homeostasis), and the stability of the 

acrosomal vesicle depends on the functioning of ATP-fuelled 

ion pumps [52], another factor leading to sperm ATP 

consumption. 

Recent work done with prostasomes demonstrated that 

prostasomes contain distinct subsets of proteins that might be 

linked to ATP synthesis. This in turn might be of importance 

in the role of prostasomes as a supporting source of ATP 

synthesis and sperm ATP supplier that is important in the 

fertilization process [22]. These authors identified around 21 

proteins in relation to ATP synthesis; most of them were 

enzymes of anaerobic glycolysis. In addition, an Mg2+-and/or 

Ca2+-ATPase activity was found to be intimately associated 

with the membrane surrounding the prostasomes [41]. The 

seminal plasma is reported to have a low ATPase activity, 

thus prostasomes contribute much of the ATPase activity in 

the spermatozoa [41].  

Binding of prostasomes with spermatozoa could continue as 

long as 30 min with maximum binding gets finished by 10 

min [18]. A strong correlation was found between ATPase 

activity and each of the bivalent cations Zn2+, Mg2+, and Ca2+ 

in different split ejaculate fractions [53]. Moreover, the 

prostasomes bound sperms get hyperactive, shows 

significantly increased sperm velocity, and consume more 

ATP per unit time than slow swimming ones, which leads to 

faster ATP depletion within them [54]. 

 

Prostasomes and calcium ion (Ca2+) signaling within 

spermatozoa 

Ca2+ is the primary second messenger involved in mediating 

sperm motility [55] and the intracellular Ca2+ concentration is 

increased after fusion of sperms with prostasomes [56]. A long-

lasting Ca2+ signal required for sperm motility in response to 

progesterone depends on their pH-dependent fusion with 

prostasomes [57]. Prostasomes fusion with spermatozoa results 

in the transfer of progesterone receptors, cyclic adenosine 

Diphosphoribose (cADPR)–synthesizing enzymes and 

ryanodine receptors (RyRs) from prostasomes to the sperm 

neck [57]. Additionally, the treatment of prostasomes-fused 

sperm with a cADPR antagonist resulted in low fertilization 

rates [57]. Prostasomes were also involved in modulation of 

cation levels in sperm environment and enhancement of 

sperm motility by transfer of calcium with the help of ATPase 

and Annexin’s calcium channels [58]. 

Prostasomes contain many small molecules, ions (Ca2+, Zn2+, 

GDP, ADP and ATP), and a number of enzymes 

(Phopholipase A, ATPase, and peptidases) [59]. 

Immunostaining of spermatozoa with anti-prostasome 

monoclonal antibody (mAb 78) demonstrated an adherence of 

prostasomes to spermatozoa. The sperm-prostasomes fusion 

was pH-dependent and required one or more proteins on 

sperms and prostasomes surfaces. Fusion indicated the 

transfer of lipids and proteins from prostasomes to 

spermatozoa [11]. Further, an increase of sperm Ca2+ 

concentration was proportional to the prostasomal fusion with 

spermatozoa [56]. Sperm intracellular calcium concentration 

within sperms increased after mixing prostasomes and sperms 

at pH values necessary for fusion [56]. A rise in intracellular 

calcium concentration was seen after 2 min but maximal 
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values were reached after 20 min. Hence, prostasomes can 

influence and modify sperm characteristics by physically 

close contact in various ways. The endoplasmic reticulum 

(ER) has been demonstrated as primary Ca2+ storage organelle 

in somatic cells, but mature sperm have no ER [60], indicating 

that there must be other organelles which spermatozoa may 

use as Ca2+ stores. The delivery of prostasomal Ca2+ to sperms 

is sufficient to promote sperm motility [53]. Thus, in this 

context, the putative prostasomal Ca2+ stores are transformed 

into functional Ca2+ storage organelles in sperm. 

Three Ca2+-mobilizing messengers have been demonstrated as 

secondary messengers playing major roles in intracellular 

Ca2+ signaling [61]. These are inositol 1,4,5-trisphosphate (IP3), 

cyclic adenosine diphosphoribose (cADPR), and nicotinic 

acid adenine dinucleotide phosphate (NAADP). IP3 is 

produced by phospholipase C (PLC), whereas cADPR and 

NAADP are produced by adenosine diphosphate (ADP) 

ribosyl cyclases (ADPR-cyclases) [62]. IP3Rs gating mode is 

found to be sufficient for generating Ca2+ oscillations, 

highlighting the importance of this gating to Ca2+ signaling. 

ATP is an important regulator of the IP3R [63].  

 

Prostasomes, mitochondrial membrane potential (ΔΨm) 

and sperm viability 

Apoptosis is a complex phenomenon that can be divided into 

three phases: induction, execution, and degradation. 

Mitochondria are known to play a central role during the 

execution phase. After induction of apoptosis, mitochondrial 

pores are opened, characterized by decreased ΔΨm. Opening 

of mitochondrial pores leads to the release of proapoptotic 

factors from the mitochondria [64]. In the cytoplasmic 

compartment, the proapoptotic factors-for example, different 

proteases related to the caspases family are subsequently 

activated, leading to the degradation phase. During this phase, 

changes at both the cell surface and the nucleus occur. 

Phosphatidylserine, ordinarily sequestered in the plasma 

membrane inner leaflet, appears in the outer leaflet, where it 

triggers noninflammatory phagocytic recognition of the 

apoptotic cell. In the apoptotic cells, internucleosomal 

cleavage of DNA by specific endonucleases produces ̴180-

base pair DNA fragments [65]. 

Few studies have focused on the effects of cryopreservation 

on apoptotic manifestations in sperm cells. They have shown 

that cryopreservation of spermatozoa is associated with 

induction of membrane phosphatidylserine translocation in 

human [66], boar [67], and bull [68] sperm cells. This membrane 

modification is not correlated with DNA fragmentation in 

human [66] or in bull sperm [68]. 

A ΔΨm decrease can result in mitochondrial dysfunction, 

which causes nonrenewal of ATP. Additionally, depletion in 

ATP leads to a lack of energy, which in turn can be 

responsible for the decreased spermatozoon motility. This is 

usually observed after cryopreservation and thawing [69]. 

Moreover, cryopreservation induced premature acrosomal 

reaction may be partly responsible for increased cellular 

mortality. The observed membrane instability could also be a 

manifestation of capacitation. Freshly ejaculated bovine 

sperm exhibits only a few apoptotic characteristics. On the 

contrary, cryopreservation induced the main apoptotic 

features: i) ΔΨm decrease, ii) caspase activation, and iii) 

membrane permeability increase. These three different 

manifestations of programmed cell death might, respectively, 

be implicated in i) slowing cell motility [69], ii) cell-cycle

regulation and cellular differentiation [70], and iii) capacitation 

and acrosomal reactions [71]. 

The apoptotic markers in living bull sperms are significantly 

changed due to cryopreservation [69]. A 44.9±17% of 

cryopreserved spermatozoa exhibited low ΔΨm, whereas only 

11.3±10.6% of sperm cells from fresh semen exhibited low 

ΔΨm before cryopreservation. Cryopreservation acts as an 

inducer of apoptosis in bovine sperm cells [69]. Many research 

works with prostasomes suggest that prostasomes may play a 

significant role in the enhancement of sperm viability since 

prostasomes have been shown to contain a number of enzyme 

systems and small signalling molecules, which may play a 

complex role in decreasing the apoptosis of spermatozoa 

when supplemented with prostasomes [72]. 

Since prostasomes harbour many different kinds of enzyme 

systems, small signaling molecules and neuroendocrine 

markers, this suggests that these vesicles play a complex role 

in regulating sperm viability and function [72]. 

Immunostaining studies with anti-prostasomes antibodies 

have revealed that the whole sperm cell was stained and that 

the stain was most intense on the midpiece. Since mid-piece is 

the region where the mitochondria are located, it is possible 

that some prostasomes component activate the mitochondrial 

function, with increased sperm motility as a result. 

Spermatozoa from abnormal semen samples showed a 

significantly lower ΔΨm as compared to spermatozoa from 

normal semen samples [73]. The ΔΨm was positively 

correlated with sperm concentration (r = 0.62) and negatively 

correlated with the ROS produced (r = -0.45). Thus, increased 

ROS production by spermatozoa was associated with a 

decreased ΔΨm and vice versa. Hence, these studies indicated 

a possible link between prostasomes binding and 

mitochondrial membrane potential.  

 

Prostasomes and sperm acrosome integrity  

Prostasomes are cholesterol rich microvesicles. They are 

probably responsible for inhibitory activity on sperm 

capacitation and favor acrosome integrity [74]. Contrary to this, 

a higher percentage of acrosome-reacted sperms (18 ± 4%) 

was reported when spermatozoa were incubated with 

prostasomes as compared to the control sperms (9 ± 2%,) [21]. 

Once in the female genital tract, spermatozoa have to undergo 

capacitation, a prerequisite of the acrosome reaction. An 

efflux of sperm membrane cholesterol is one of the first 

events leading to capacitation. The seminal plasma is found to 

inhibit capacitation. As prostasomes are rich in cholesterol, 

they are probably responsible for this inhibitory activity [74]. 

Thus, prostasomes play a protective role for ejaculated 

spermatozoa by preventing premature capacitation. 

The bursts of intracellular Ca2+ [Ca2+]i in spermatozoa 

produced by the fusion with prostasomes appear to be 

physiologically in contrast with the delivery of cholesterol. 

Cholesterol decreases the activation of sperm [75], whereas 

calcium increases it. The simultaneous delivery of cholesterol 

and calcium, activates the spermatozoa, increasing their 

motility as a result of the effect of [Ca2+]I [7], but not 

permitting the occurrence of the acrosome reaction (effect of 

cholesterol). This fact is interesting because the fusion with 

prostasomes occur in vagina, whereas the acrosome reaction 

is a phenomenon-taking place in the proximity of the oocyte. 

 

Conclusion 

Prostasomes are microvesicles released by acinar cells of the
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prostate gland in to seminal plasma at the time of ejaculation. 

They have a unique chemical composition of the membranes 

having cholesterol: phospholipid ratio closer to 2:1. They 

have been purified from semen of males in different 

mammalian species. Following ejaculation, they can fuse with 

spermatozoa within female reproductive tract, thus modifying 

the functional parameters of spermatozoa. Prostasomes can 

confer bacteriostatic, bactericidal and antioxidant effect in 

seminal plasma. They can fuse with spermatozoa and 

modulate their various functional parameters, viz. 

improvement of sperm motility, mitochondrial membrane 

potential, viability and acrosome integrity. It also increases 

ATP production and Ca2+ signaling within spermatozoa, and 

sperm acrosome reaction under capacitating conditions. These 

findings suggest that their addition to fresh and cryopreserved 

semen may have a positive effect of spermatozoa. Further 

studies are warranted to test the effect of prostasomes on 

overall fertility of spermatozoa. 
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