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Abstract. — OBJECTIVE: Male infertility is a
wide spread disease among couple of childbear-
ing age. Spermatozoa are highly susceptible to
oxidative stress. Reactive oxygen species (ROS)
are capable of damaging the sperm membrane
and DNA, inducing lipid peroxidation and sperm
DNA fragmentation (SDF). Antioxidant supple-
mentation is currently suggested after a com-
plete diagnostic work-up, as recognized by the
Italian Society of Andrology and Sexual Medi-
cine (SIAMS). Indeed, it has been showed to im-
prove sperm quality, DNA fragmentation and
pregnancy rate. The administration of Serenoa
repens extracts (SrE), including free fatty acids
(FFA), methyl and ethyl esters, glycerides, fla-
vonoids and sterols, has never been investigat-
ed for male infertility. However, their antioxidant
and anti-inflammatory properties provide the ra-
tional for their possible effectiveness. The aim
of this review was to collect all the evidence sup-
porting the potential usefulness of SrE, alone or
in combination with other molecules with prov-
en antioxidant effects, like selenium and lyco-
pene (along with which they are often commer-
cialized), to improve sperm parameters.

MATERIALS AND METHODS: A systemat-
ic search was performed using Pubmed, MED-
LINE, Cochrane, Academic One Files, Goo-
gle Scholar and Scopus databases. The search
strategy included the following key words: Sere-
noa repens, selenium, lycopene, oligozoosper-
mia, oxidative stress, DNA fragmentation, male
infertility, pregnancy rate.

CONCLUSIONS: By triggering multiple inflam-
matory and oxidative pathways, the combined
administration of SrE, selenium and lycopene
might likely improve the sperm quality. Proper
studies are needed to test this hypothesis. Final-
ly, since prostatitis can affect the sperm quality
and considering the anti-estrogenic properties
of SrE, we speculate about a possible specific
indication in those patients with male infertility
and “metabolic” prostatitis (where obesity and
abnormal androgen/estrogen ratio concomitant-
ly occur).
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Introduction

Infertility is defined as the failure to conceive
after 1-2 years of unprotected sexual intercourse'.
It concerns about the 15% of couples of reproduc-
tive age in industrialized countries®. Half of the
cases recognize a male factor of infertility’. Medi-
cal treatment of male infertility includes hormon-
al’ and non-hormonal strategies. Among non-hor-
monal options, antioxidants play a relevant role in
idiopathic cases (especially when sperm oxidative
damage is ascertained and microbial infection has
been excluded)®. The benefits of the antioxidant
therapy have been recognized by the [talian Soci-
ety of Andrology and Sexual Medicine (SIAMS),
which suggests their use in case of altered sperm
parameters and abnormal sperm DNA fragmen-
tation (SDF) after a complete diagnostic workup®.
In agreement, despite the low quality evidence
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due to the small number of trials and of their sam-
ple size, according to the last Cochrane system-
atic review, antioxidant supplementation may in-
crease the clinical pregnancy rate’. Spermatozoa
are highly susceptible to reactive oxygen species
(ROS). Indeed, polyunsaturated fatty acids, the
main components of the plasma membrane, make
the spermatozoa particularly vulnerable to lipid
peroxidation®. Also, high amounts of ROS are ca-
pable of inducing SDF due to the low levels of
cytoplasmic antioxidant enzymes and inefficient
DNA repair mechanisms’. Hence, the oxidative
damage impairs sperm quality, thus negatively
impacting on the pregnancy rate. These premises
represent the rational basis supporting the use of
antioxidants in idiopathic male infertility. Con-
cerning the therapeutic regimen, no specific indi-
cation has been provided due to the lack of com-
parative studies between the different antioxi-
dants and/or combinations®. We recently reviewed
the effects on sperm parameters and pregnancy
rate of the main commercially available antioxi-
dant and prokinetic molecules, such as carnitine,
coenzyme Q10, myoinositol, vitamin C, vitamin
E, lycopene, selenium (Se), zinc and others®. Sere-
noa repens extracts (SrE) are compounds with
proven antioxidant and anti-inflammatory activ-
ity”!"!, whose effects on sperm quality have rarely
been investigated. SrE are frequently combined
with other compounds known to positively impact
on sperm quality and pregnancy rate such as se-
lenium (Se) and lycopene®. The evidence mainly
suggests their use for prostatic disease'?. The aim
of this paper was to comprehensively review the
literature in the attempt to provide the rational, if
any, supporting the indication of the administra-
tion of SrE, alone or in combination with Se and
lycopene for male infertility.

Materials and Methods

Data were independently extracted by R.C.
and S.L.V. A systematic search was performed
through the Pubmed, MEDLINE, Cochrane, Ac-
ademic One Files, Google Scholar and Scopus
databases, from each database inception to No-
vember 30, 2018, using Medical Subjects Head-
ings (MeSH) indexes and key words searches.
The search strategy used combined MeSH terms
and key words and was based on the following
key words: Serenoa repens, selenium, lycopene,
oligozoospermia, oxidative stress, DNA fragmen-
tation, male infertility, pregnancy rate. Additional

manual searches were made using the reference
lists of relevant studies. No language restriction
was used for any literature search.

Serenoa Repens

Serenoa repens (alternatively known as saw
palmetto or American dwarf palm) is a plant
whose extracts have been used for the treatment
of benign prostate hyperplasia (BPH)'2. SrE main-
ly include free fatty acids (FFA), methyl and ethyl
esters, glycerides, flavonoids and sterols'®. The
specific composition of SrE is influenced by the
extraction procedures'. In great detail, quantita-
tive composition depends on the solubility of the
solvent used in the extraction procedure. The use
of non-polar solvents ensures the extraction of li-
pophilic bioactive compounds. A higher FFA con-
centration is expected to associate with a greater
efficacy'. Furthermore, due to the thermo-la-
bility of active biomolecules, temperature and
other parameters may also influence qualitative
composition of SrE. These parameters need to be
standardized". Differences in the extraction pro-
cedures justify the variable content in SrE among
brands, thus influencing the efficacy'. SrE target
multiple molecular mechanisms. /n vitro evidence
has shown their role as non-competitive inhibitors
of So-reductase'. This is a well-known effect pro-
viding the rational for the clinical indication in
BPH. The evidence for the effectiveness of SrE
in BPH is contradictory. In detail, the last Co-
chrane meta-analysis investigating a wide range
of brands did not find the SrE efficacy on low
urinary tract symptoms (LUTS) and maximum
urinary flow rate (Q_ ) compared to placebo in
BPH patients'®. However, previous Cochrane
meta-analysis of the same group focusing on a
specific brand adopting non-polar solvents in the
extraction procedures'™'®'%, as well as trials using
oily SrE'** showed the effectiveness of SrE in
BPH patients. The contradictory data support the
different efficacy of brands in the clinical prac-
tice, in agreement with the previous statements.
This highlights the importance of the adoption
of phytotherapic agents obtained with the same
validated extraction techniques?, as clearly stated
in the last 2017 European Academy of Urology
guidelines?. Normal intra-testicular testosterone
levels are required for human spermatogenesis.
Despite the evidence suggests a slight reversible
negative effect on conventional sperm parame-
ters after pharmacological treatment with Sa-re-
ductase inhibitors (e.g. finasteride, dutasteride)*,
the mild So-reductase inhibition of SrE might not
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necessarily impact on sperm conventional pa-
rameters. Furthermore, no available data inves-
tigated the effects of the 5a-reductase inhibition
on SDF as well as pregnancy rate as far. SrE an-
ti-inflammatory, anti-oxidant and anti-estrogenic
properties have been reported*?’. Concerning
the anti-inflammatory effects, a wide spectrum
of enzymes and inflammation mediators like cy-
clooxygenase-2 (COX-2), inducible nitric oxide
synthase (iNOS), prostaglandins and leukotrienes
seem to be targeted by the bioactive compounds
included in SrE. Indeed, flavonoids are capable of
modulating nitric oxide (NO) production through
the inhibition of iNOS in a dose-dependent man-
ner”®. In addition, they inhibit the lipopolysaccha-
ride (LPS)-induced prostaglandin E2 (PGE?2) re-
lease and COX-2 expression®®. SrE have also been
showed to significantly reduce the production of
leukotrienes and other 5-lipoxygenase metabo-
lites in human polymorphonuclear neutrophils®.
The effectiveness of SrE administration in the
down-regulation of prostate pro-inflammatory
cytokines (CCR7, CXCL6, IL-6 and IL-17) has
been shown also in mice prostatic tissue®®. Fur-
thermore, a randomized, double-blind, tamsu-
losin-controlled clinical trial carried out in 206
men with BPH and LUTS found a significant
reduction of inflammatory markers in seminal
fluid after digital rectal examination in the group
receiving SrE 320 mg compared to that taking
tamsulosin 0.4 mg after a 3-month long daily ad-
ministration®. The main outcomes were the mac-
rophage migration inhibitory factor (MIF), the
monocyte chemo-attractant protein-1 (MCP-1),
also known as Chemokine (C-C motif) ligand 2
(CCL2)and the induced protein (1P)10, also known
as C-X-C motif chemokine 10 (CXCL10)*". MIF is

a T cell-derived cytokine playing a role in innate
immunity®. It promotes and amplifies inflamma-
tory reactions such as monocytes/macrophage
survival of cytokine release™. MCP-1/CCL2 and
IP-10/CXCLI10 are fibroblast-derived cytokines
primarily involved in CD4'T cells activation®*.
These findings support the in vivo anti-inflamma-
tory properties of SrE. Studies on animals large-
ly confirm the anti-inflammatory properties of
SrE, but also suggest anti-oxidant effects. In mice
models with testosterone-induced BPH, SrE ad-
ministration reduced total nitrates, malondialde-
hyde (a marker of lipid peroxidation), pro-inflam-
matory cytokines [Tumor necrosis factor a (TN-
Fuo), interleukin (IL)-1B and IL-6], growth factors
[Vascular endothelial growth factor (VEGF) and
Fibroblast growth factor B (FGFp)] and improved
total glutathione and the activity of anti-oxidant
enzymes like SOD and catalase at the prostatic
level®. A great amount of literature addressed to
glutathione, catalase and SOD a pivotal role in the
tricky balance between pro-oxidant and anti-ox-
idant factors and are currently the main targets
of many anti-oxidant therapeutic regimens® 7,
SrE anti-inflammatory and anti-oxidant effects
are listed in Table 1. The impact of SrE on the
amount of seminal cytokines®, pro-inflammatory
molecules and/or enzymes like leukotrienes [29,
PGE2, COX-2%, as well as on anti-oxidant en-
zymes (superoxide dismutase [SOD], catalase®)
and molecules (glutathione*) may potentially
improve the sperm quality and metabolism. In
agreement, the incubation with SrE (9.0 mg/ml)
results in the increase of sperm curvilinear ve-
locity and beat cross frequency”, thus suggesting
an improvement of sperm function. Noteworthy,
no study evaluated the effects of StE on SDF or

Table I. Anti-inflammatory and anti-oxidant effects con Serenoa repens extracts.

Mechanism

References

Anti-inflammatory

Anti-oxidant

|Malondialdehyde
TGlutathione
1SOD
tCatalase 21
Down-regulation of nuclear ER in mice prostatic tissue 38

Anti-estrogenic

JiNOS
|PGE2
1COX-2
|Leukotrienes
|Pro-inflammatory cytokines

19,20,22,25

Abbreviations: COX-2, cyclooxygenase-2; ER, estrogen receptor; iNOS, inducible nitric oxide synthase; NO, nitric oxide: PGE2, prostaglandin

E2; SOD, superoxide dismutase.
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pregnancy rate. This represents a black hole and
requires further investigation. SrE anti-estrogenic
properties have been reported®. In a double-blind
placebo-controlled study on BPH patients, after
a 3-month long SrE administration, the analysis
of cytosolic and nuclear estrogen receptors (ER)
revealed a significant reduction in nuclear ER in
the treated group compared to controls, while the
cytosolic ER was mildly affected®®, thus possibly
suggesting a role for SrE in ER down-regulation.
The possible involvement of ER in the pathogen-
esis of prostatitis and BPH has been questioned.
The evidence suggests a role for the Era in the
promotion of prostatic inflammation®. On the
contrary, studies indicate the immune-protective
effects of Erf**¥. Furthermore, an abnormal Era/
Erp ratio has been observed in mice models of
chronic prostatitis and BPH**. Which ER type is
specifically down-regulated by SrE is not known.
However, the effectiveness on LUTS and BPH
may suggest a specific influence on the Era.
Obese patients as well as those with metabolic
syndrome or insulin-resistance show a greater
risk for prostatitis®, probably due to the higher
aromatase levels and the consequent abnormal
androgen/estrogen ratio and relative hyperestro-
genism™, Meta-analytic data show a negative im-
pact of chronic prostatitis on sperm parameters®.
Therefore, treatment of prostatitis is an import-
ant topic in the management of male infertile pa-
tients®. In this perspective, StE supplementation
may find elective indication in those cases with
“metabolic” prostatitis, due to the anti-estrogenic
action of StrE on the prostate tissue®.

Selenium

Se is a trace element displaying an essential
role for many antioxidant systems in mammals
(mainly the glutathione and the thioredoxin-de-
pendent ones)". It is a component of several re-
dox-active selenoenzymes, including five glu-
tathione peroxidases (GPx), three thioredoxin
reductase and methionine sulfoxide reductase
2, containing Se in the active site*®. GPx en-
zymes reduce hydrogen peroxide, organic hy-
droperoxides and phospholipid hydroperoxides
using reduced glutathione as co-substrate*®*.
Furthermore, circulating Se protein 1, a serum
Se transported protein, displays antioxidant
activities, acting as a phospholipid hydroper-
oxide-GPx and as a peroxynitrite reductase®!.
Se influences testicular development, sper-
matogenesis, sperm motility and function. In-
deed, its deficiency has be related to spermato-

genic failure, testicular hypotrophy, atrophy
of seminiferous epithelium, abnormal sperm
motility and morphology?’.The intra-peritone-
al administration of Se nanoparticles resulted,
after a complete spermatogenic cycle, in more
powerful antioxidant properties of testicular
and blood tissues coming from treated animals
compared to those of controls®. In this study,
catalase, SOD and glutathione peroxidase ac-
tivities and malondialdehyde levels were used
as indicators of tissue antioxidant capacity.
Furthermore, treated mice also showed great-
er sperm quality and in vitro fertilization out-
comes compared to controls®. These results are
in favor of the antioxidant role of Se. Different
trials investigated the effects of Se supple-
mentation in sperm parameters. A recent me-
ta-analysis of randomized clinical trials found
the efficacy of Se supplementation in raising
sperm concentration, motility and morpholo-
gy?. Furthermore, Se in vitro incubation im-
proves human sperm motility, reduces malond-
ialdehyde levels and SDF in asthenozoosper-
mic samples®. Also, it’s administration has
been suggested to positively impact on sperm
parameters®. No study evaluated the effects of
Se single supplementation on pregnancy rate.
The 100-day long combined administration of
Se (200pg daily) plus vitamin E (400 units dai-
ly) resulted in a higher spontaneous pregnancy
rate in treated patients compared to controls®®.
The role of Se administration in the manage-
ment of male infertility has been recognized by
the SIAMS, which included this micronutrient
among the list of the available nutraceuticals
with antioxidant properties detailed in the 2017
Guidelines on this topic®.

Lycopene

Lycopene, which can be found in ripe tomato
fruit, watermelon or pink grapefruit, belongs
to the family of carotenoids, that include al-
so o-tochoferol, a-carotene, P-cryptoxanthin,
B-carotene and lutein. It is able to quench sin-
gle oxygen, being the most effective antioxi-
dant among carotenoids®’. It has also been sug-
gested to indirectly increase antioxidant en-
zymes levels and to decrease transcription of
pro-inflammatory factors®. Studies on bovine
spermatozoa confirm the in vitro ROS-scav-
enging properties. Indeed, the incubation with
lycopene at the dose of 1 and 2 mmol/l pre-
vented the decline of sperm motility, preserved
mitochondrial activity and antioxidant charac-
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Figure 1. Effects of combined administration of Serenoa repens extracts, selenium and lycopene on markers of inflammation
and oxidative stress. Serenoa repens extracts (SrE), including free-fat acids (FFA), glycerides, methyl- and ethyl-esters, sterols
and flavonoids, show anti-estrogenic properties, inhibits the Su-reductase and display anti-inflammatory and anti-oxidant effects.
The anti-inflammatory function is due to the inhibition of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS)
expression, lipopolysaccharide (LPS)-derived prostaglandin E2 (PGE2) synthesis, secretion of leucotrienes and 5-lipoxygenase
metabolites from polymorphonucleate cells (PMN). The anti-oxidant effects are displayed by the raise in glutathione, catalase and
superoxide dismutase (SOD) levels and the decrease of malondialdehyde. All together, these mechanisms result in a reduction
of pro-inflammatory cytokines in the seminal fluid. Selenium (Se) and lycopene may synergize with SrE raising glutathione,

catalase and SOD levels and reducing malondialdehyde ones.

teristics (e.g. glutathione and malondialdehyde
concentrations, SOD, catalase, GPx intracellu-
lar activity) despite the addition of a pro-oxi-
dative substance®. In healthy young men, ly-
copene intake has been positively correlated
to sperm morphology®. Accordingly, evidence
from a randomized clinical trial suggested that
tomato juice consumption, by increasing plas-
ma lycopene levels, significantly reduce white
blood cells and increases sperm motility®'.
Furthermore, sperm incubation with lycopene
seems effective in reducing the oxidative dam-
age to sperm mitochondria and plasma mem-
brane in the freezing-thawing process. In addi-
tion, it improves sperm anti-apoptosis ability®
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and SDF®. Finally, lycopene administration
has been shown to facilitate spontaneous and
assisted conception®, These data support lyco-
pene anti-oxidant properties as well as its ef-
fectiveness in preventing sperm from oxidative
stress-induced damage, as recognized from the
SIAMS*.

Conclusions

Despite few evidence has investigated the ef-
fects of SrE supplementation on sperm quality
and oxidative damage so far, their anti-inflam-
matory and anti-oxidant properties suggest a
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Male infertility
I

Have
MAGI and leukocytospermia
been excluded?

l
<>

Is oxidative stress-dependent sperm

damage present?

Do not prescribe

y

<>

»L nutraceuticals

Asthenozoospermia «Metabolic» prostatitis
J/ and/or LUTS
Carninite _
Myo-inositol SrE + Se + Li

Figure 2. Flow-chart of the choice of the nutraceutical supplement to be considered in patients with idiopathic male infertility.
In patients with male infertility, whose idiopathic form has been ascertained and no sign of male accessory gland infection/
inflammation (MAGI) as well as leukocytospermia has be found, antioxidant administration has to be considered in case of
demonstrated sperm oxidative stress-dependent damage. In particular, carnitine or myo-inositol might be suggested in case of
asthenozoospermia, whereas Serenoa repens extracts (StE) combined with Selenium (Se) and Licopene (Li) may be considered
when “metabolic” prostatitis and/or low urinary tract symptoms (LUTS) occur.

possible role of SrE in the treatment of male
infertility. SrE are available alone or often in
combination with Se and lycopene. Some ev-
idence suggest a greater efficacy of the com-
bined therapy compared to SrE alone on pros-
tatic inflammation'**". This may be attributed
to a synergic action of such nutraceuticals. In
fact, combined therapy may amplify the raise
of glutathione, catalase and SOD levels and
reduce malondialdehyde ones (Figure 1), thus
likely improving the sperm quality. Since pros-
tatitis negatively influence the sperm parame-
ters*%, SrE anti-estrogenic properties might let
to hypothesize a specific therapeutic indication
for the subgroup of infertile patients with “met-
abolic” prostatitis (those cases of prostatitis in
which obesity and abnormal androgen/estrogen
ratio concomitantly occur). We suggest a possi-
ble flow-chart to be applied for those patients
with idiopathic male infertility, which might

help the clinician to personalize the choice of
the nutraceutical supplement in a case-specific
manner. In great detail, after the exclusion of
male accessory gland infections, a highly fre-
quent disease negatively impacting on quality
of life and sexual performance® as well as leu-
cocytospermia, patients with asthenozoosper-
mia may benefit from carnitine or myo-inositol
administration. Indeed, both carnitine (by the
transport of long-chain fatty acids into the mi-
tochondrial matrix) and myo-inositol (acting
on the mitochondrial membrane potential) can
improve the mitochondrial function and sperm
motility®”**. On the contrary, patients with
idiopathic infertility and “metabolic” prosta-
titis and/or LUTS might be addressed to SrE
supplementation (Figure 2). In summary, this
review provides the rational for the adminis-
tration of SrE combined with Se and lycopene
in male infertility. Proper studies investigating
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the effects of SrE combined supplementation
on sperm quality are warranted.
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