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The total antioxidant capacity of seminal plasma is a very common way of presenting the antioxidant capabilities of the

seminal plasma. This term is used to evaluate the total ability of a fluid to scavenge free radicals in solution. In general,

fertile men have seminal plasma with a higher total antioxidant capacity than that of infertile patients.
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1. Introduction

As a reproductive health disease, infertility is defined as an incapacity to generate and maintain a full-term pregnancy

after a year of regular sexual intercourse without the use of any contraceptive method . According to the World Health

Organization (WHO), around 9% of the couples worldwide present fertility issues . Females or males may have infertility

problems. For many years, infertility issues were mainly attributed to women, but nowadays, such problems are attributed

to both sexes in almost equal parts . Male and female reproductive tract fluids have a crucial role on fertility. Indeed, the

fertility of the couple is dependent on the chemical composition of these fluids. Seminal plasma in men and vaginal,

uterine, and oviductal fluid in the female reproductive tract allow the nourishment of gametes and assist their fertilization.

Among all the molecules that compose the reproductive fluids, those with antioxidant capabilities have been gaining

interest. Antioxidants levels in reproductive fluids have been positively correlated to human fertility, independent of sex.

2. Constitution and Functions of Seminal Plasma

Semen constitutes a mixture of cells and liquids in a mixture of 5 to 95%, respectively . The cellular fraction of this fluid

constitutes the spermatozoa, epithelial cells, and leucocytes, while the non-cellular liquid fraction of semen is known as

seminal plasma. Seminal plasma is a very complex and important fluid in the function of the ejaculate. It is formed by

secretions from the rete testis, epididymis, and accessory glands . The contribution of each component suffers slight

variations: 2–5% are secretions from the testis, 20–30% from the prostate, approximately 1% from bulbourethral and

periurethral glands, and the major contribution is 65–75% from the seminal vesicles ( Figure 1 ) . Fructose and other

sugars, amino acids, peptides and proteins, lipids, cytokines, microRNA, and inorganic ions are its main constituents.

Figure 1. Schematic representation

of the contribution from the different urogenital glands to the seminal plasma composition.

At first look, the role of seminal plasma seems to be related to the survival and transport of spermatozoa; however, this

has been devaluated by the assisted reproductive technologies . In fact, washed spermatozoa produce viable embryos.

On the other hand, a lower fertility is observed when seminal plasma is diluted or removed in livestock species .

Although contradictory information can be found in the literature, is not possible to deny that seminal plasma must have a

role in sperm function and in events in the male and female reproductive tracts, such as fertilization and embryo
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development . Thus, it is worth studying the seminal plasma of men with fertility problems. The measurement of zinc,

fructose, and neutral α-glucosidase content in seminal plasma are optional assays suggested by the WHO laboratory

manual for the examination and processing of human semen . Zinc has a protective effect on spermatozoa from

bacteria and is important in testicular development and spermatogenesis . In seminal plasma, fructose is mainly

produced by the seminal vesicles  and has a role in spermatozoa metabolism  as a major energy source  for

motility . The determination of seminal fructose is useful in cases of inflammation of accessory glands and in cases of

obstructive azoospermia. The content of fructose is low or undetectable when ejaculatory ducts are obstructed  or a

congenital vas deferens-seminal vesicle developmental defect is present . The determination of fructose

concentration, as auxiliary diagnosis, is also useful in cases of retrograde ejaculation, when an abnormal concentration of

this sugar is detected in urine after ejaculation . The α-glucosidase is a marker for the epididymal function ;

however, the measurement of α-glucosidase is not widely implemented and used . Alterations in α-glucosidase are

associated with a defective process of spermatozoa maturation in epididymis or inflammation in this structure .

The roles of seminal plasma, from the epididymis to fertilization, were studied in several species, although the available

data highlights contradictory conclusions. Seminal plasma functions include: effects on sperm motility, mostly related to

proteins found in this fluid ; providing nutrients and osmotic homeostasis for spermatozoa survival ;

effects on the capacitation process and also on the avoidance of premature activation of capacitation ; an active

role in the inflammatory response by the female reproductive tract ; the modulation of sperm-egg interactions;

and effects on fertilization . The importance of seminal fluid in fertilization events was investigated in studies

where seminal plasma components were added to thawed sperm. It was reported that seminal plasma acts as a defense

mechanism for spermatozoa from cells from the immune system . Supplementation of cryopreservation medium with

seminal plasma was proved to improve motility, membrane integrity, and in vitro fertilization (IVF) outcomes . Similarly,

it was described that seminal plasma added to post-thawed sperm medium has beneficial effects on sperm motility and

membrane integrity . This could be due to the known antioxidant capabilities of seminal plasma, which protects the

sperm cells from oxidative damage. The antioxidant capabilities of seminal plasma are due to multiple nutrients of different

sources on the male reproductive tract ( Table 1 ). These help in the control of excessive reactive oxygen species (ROS)

production. Dysregulation of antioxidant secretion can lead to oxidative stress in the semen, which has been regarded as

one of the main causes of male infertility in recent decades .

Table 1. Information available on the principal seminal plasma antioxidants and the main male reproductive glands

responsible for its secretion.

Reproductive Glands Antioxidants References

Epididymis Carnitines

Seminal Vesicle Vitamin C

Prostate

Zinc

Selenium

Glutathione peroxidase

Glutathione reductase

Superoxide dismutase

Catalase

Albumin

 

  3. Seminal Plasma Antioxidant Capabilities and Relation to Male Fertility
Outcomes

Another question worth asking is which antioxidants are of greater importance and which are found to be less represented

in males with impaired fertility. As discussed, seminal plasma is a complex fluid, and in its composition are present

multiple antioxidants that, herein, will be divided into protein and non-protein. In the next topics, it will be discussed the

importance of the abundancy of non-protein antioxidants and the expression and activity of protein antioxidants on

seminal plasma for male fertility outcomes (summarized in Table 1 ).
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All the studies described above show that the lack of one specific non-protein antioxidant increases the ROS content of

the seminal plasma. However, the information available highlights that the general lack of antioxidants is the cause of the

enhanced oxidative reductive potential, and not one specific antioxidant. The lack of sufficient antioxidant capacity of the

seminal plasma can lead to an increase in oxidative damage of sperm cells, seen in the form of DNA fragmentation, lipid

and protein oxidation, and decreased mobility, which ultimately led to sperm cell apoptosis and diminished motility.

Although some non-protein antioxidants seem to have more antioxidant relevance (e.g., vitamin C) than others, we could

not find any study that showed a compensation of other non-protein antioxidant to restore the seminal plasma antioxidant

capability. This is probably because the concentrations of most of these non-protein antioxidants in the organism is diet-

dependent. Thus, the organism cannot simply produce more non-protein antioxidants. However, this is not the case for

protein antioxidants, whose expression and activity can be regulated by the organism. The expression and activity of

antioxidant proteins in individuals with subfertility/infertility will be discussed in more depth in the next topic.

In contrast to non-protein antioxidants, which are no longer effective after ROS neutralization , catalytic antioxidants are

a renewable resource. The large majority of these enzymes are secreted into the seminal plasma by the epididymis and

prostate .

The complex network of ROS management in a complex fluid such as the seminal plasma is a mechanism that still needs

attention from the scientific community. The altered antioxidant protein expression and its relationship with the

concentration of the different non-protein antioxidants and the contribution of each type of antioxidants to the total

antioxidant capacity of the seminal plasma still have many secrets to be revealed.

4. Role of Seminal Plasma on Fertility Techniques and Importance of Its
Antioxidants in the Female Reproductive Tract

The impact of the usage of seminal plasma on artificial reproductive techniques are starting to be studied in multiple

species, including humans. For example, in cattle, the infusion of seminal plasma into the reproductive tracts of Holstein

cattle increased the birth weight of heifer calves born after insemination with X-sorted semen but did not alter pregnancy

or live birth statistics after insemination . Seminal plasma also has an important role in the conception of embryos by

IVF at the time of transfer into the female tract. In mice, embryo transfer protocols usually employ recipients exposed to

seminal plasma by mating with vasectomized males. Fetal loss and other issues are greater when embryos are

transferred after pseudopregnancy achieved with no exposure to seminal plasma . In humans, a randomized trial in

couples undergoing ART techniques has shown a significant improvement in embryo transfer after exposure to seminal

plasma . Hart and Norman demonstrated a higher proportion of transferred embryos in 6–8 weeks in women that were

exposed to semen around the time of embryo transfer compared to those who abstained . Some meta-analyses

provided additional information about seminal plasma in clinical pregnancy rates. The meta-analysis conducted by

Crawford and collaborators  demonstrated a significant improvement in clinical pregnancy rates, approximately 23%,

while Saccone and collaborators demonstrate a 20% improvement . However, other authors’ analysis concluded that

seminal plasma may effectively increase clinical pregnancy rates, but the finding should be regarded with caution since

there is not enough evidence to determine the impact on live births . These data demonstrate that further studies are

warranted to better quantify the impact of seminal plasma on live birth after ART techniques and thus find the difference

between coitus and exogenous delivery of seminal plasma.

In human beings, the direct effect of seminal plasma signaling activity on long-term health is not clear. There are clinical

observations that demonstrated the possible effects of seminal plasma in the female reproductive system, including in

specific diseases. The impact of seminal plasma factors on human immunodeficiency viruses (HIV) infections in vivo has

been investigated . Sperm can assist in the efficient transmission of HIV  through the interaction of HIV and sperm

heparin sulfate. However, other factors seemed to inhibit HIV infectivity; Mucin-6 and seminal plasma cationic peptides

are responsible for this .

Despite all these immune suppressors, some excessive ROS formation is unavoidable. Some originate in the female

medium (mainly by leukocytes in the cervix and vaginal microbiome) and others are believed to be formed by the sperm

cells through their long journey to the oocyte . The management of the latter was already discussed above. However,

excessive female ROS formation could be an additional challenge from which the seminal plasma must protect the sperm

cells. One example of an oxidative molecule present in the female reproductive tract that was found to have deleterious

effect on sperm is the NO. Seminal plasma NO concentration is positively correlated to male infertility . This particular

ROS is important for the contraction of the uterine and oviduct cavities that also assist in sperm motility for oocyte

fertilization . However, this NO can also affect sperm. Interestingly, seminal plasma has an inhibitory role on the protein
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NO synthase activity in brain tissue . One could assume that a similar process can be happening in the female

reproductive tract for sperm protection against oxidative damage; however, this is only a hypothesis and tests should be

made to confirm it.

Some examples of the importance of the reproductive fluid antioxidants to human fertility are described above and

summarized at Figure 2 ; however, many other mechanisms are surely yet to be revealed. The study of the interactions

between seminal plasma and the female reproductive fluid antioxidants still presents many obstacles, since it is

challenging to study this process in vivo and almost impossible to replicate the condition in in vitro experiments. Despite

not being able to fully understand yet the specific contribution that a good spermatozoon has on a damaged female

reproductive tract through ROS or vice versa, it is undeniable that seminal plasma has multiple positive aspects in female

reproductive stress to ensure proper fertilization and hence embryo development. Thus, understanding the modification of

the female genital profile triggered by seminal components that interact with the internal genital lining during the ovulatory

period may contribute to improving success rates and outcomes in fertility.

Figure 2. Oxidizing and antioxidant

agents of seminal plasma and female reproductive tract fluid that are linked with selecting or protecting the sperm cells

throughout their journey to fertilization. In the first stages of the sperm journey, they encounter multiple oxidizing agents in

the vaginal fluid. To counter that, many antioxidizing agents are present in the seminal plasma. Both these facts

contributed for the selection and protection of good sperm for fertilization (1). In later stages, after seminal plasma dilution

(2), seminal plasma antioxidant protection is scarce; thus, it is possible that the oviductal epithelium secretes a factor that

stimulates the sperm antioxidant defenses by increasing SOD and GPX activity (3) as well and secreting antioxidant

enzymes to the lumen, which are necessary to protect the sperm from the endogenous ROS formation in the

hyperactivation stage. Solid lines represent female factors. Dashed lines represent male factors. NO—Nitric Oxide; SOD

—Superoxide Dismutase; GPX—Glutathione Peroxidase; SEMG—Semenogelins
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