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This review explores the role of carnitine in male infertility. The structure of this review is organized into short paragraphs that
address the following aspects: antiapoptotic effect of L-carnitine on germ cells, effects of L-carnitine on conventional sperm parame-
ters, in vitro effects of L-carnitine on sperm function, and the role of r-carnitine on erectile function.

INTRODUCTION

From almost a century, the beneficial effect that carnitine
exerts on the human organism, especially in its forms L-carnitine
and acetyl-L-carnitine, is now known.

The 1-carnitine (that man is able to synthesize, but which is
mainly of exogenous origin) is a quaternary amine highly polar
and water soluble in nature. It acts as an essential co-factor for
the transport of long-chain fatty acids within the mitochondrial
matrix in order to facilitate the oxidative processes and to
enhance cellular energy production (Agarwal & Said, 2004; Ng
et al., 2004). The acetyl-1L-carnitine, instead, is formed in a rever-
sible manner from the enzyme acetyl-L-carnitine transferase
which modulates the intracellular and mitochondrial concentra-
tions of CoA and acetyl-CoA (Lenzi et al., 1992).

It is believed that the contribution necessary with the daily
supply of r-carnitine is about 8-11 mg. Approximately 98% of
the body’s L-carnitine is stored in the skeletal muscles and heart,
liver contains between 1 and 6%, while in extracellular fluids we
find a concentration ranging between 0 and 6% (Lenzi et al.,
1992).

CARNITINE AND MALE REPRODUCTIVE SYSTEM

An interesting aspect is the high concentration of carnitine
that is found in the male reproductive tract, especially in the epi-
didymis, suggesting its crucial role in energy metabolism and in
the maturation of spermatozoa (Lenzi et al., 1992; Vicari et al.,
2001).

The 1-carnitine located in the epididymis is derived from
plasma and it is actively transported across the epithelial cells
into the epididymal plasma (Ng et al., 2004). Based on several
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research, it seems that this process of active transport may be
mediated by specific carnitine/organic cation transporters
(OCTNs) located in the testis, especially in the luminal epithe-
lium of the seminiferous tubules and Sertoli cells, and expressed
in humans, rats, and mice (Enomoto et al., 2002). The first mem-
ber of OCTNs, OCTN1 (solute carrier 22A4), transports cationic
xenobiotics, such as tetraethylammonium, and has a low activity
for carnitine transport. OCTN2 (SLC22A5) is a Na*-dependent,
high-affinity (K, = 4-25 uM) carnitine transporter. Human car-
nitine transporter CT2 (SLC22A16) and mouse carnitine trans-
porter OCTN3 (SLC22A21) transport carnitine with high affinity
(Km = 20 and 3 uM, respectively) in a sodium-independent man-
ner (Kobayashi et al., 2007). Finally, the r-carnitine would be
accumulated inside the spermatozoa by passive diffusion (Jeulin
& Lewin, 1996).

Based on several research, it seems that this process of active
transport is mediated by a specific carnitine carrier (CT2),
located in the testis, especially in the luminal epithelium of the
seminiferous tubules and in the Sertoli cells (Enomoto et al.,
2002). Finally, the r-carnitine would be accumulated inside the
spermatozoa through passive diffusion (Jeulin & Lewin, 1996).
Because the sperm in the epididymis are able to use fatty acids
and phospholipids as energetic source, probably r-carnitine
also here acts as a co-factor for the mitochondrial transport
and the subsequent oxidation of fatty acids. Furthermore, high
concentrations of this molecule, seem to suppress the meta-
bolic activity of the ejaculated spermatozoa (whose metabo-
lism is mainly glucose), but not those of the epididymis
whose main energy source is represented by fatty acids (Lenzi
et al., 1992).
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ANTIAPOPTOTIC EFFECT OF -carnitine on germ cells

Another finding of particular interest is the effect of the anti-
apoptotic L-carnitine, which seems to be explained by the inhibi-
tion of programmed cell death mediated by the FAS-FAS ligand
and the caspase 3, 7, and 8 (Mutomba et al., 2000).

In the male reproductive system, the apoptosis process can
occur spontaneously or be induced by several factors, such as
heat or androgen deprivation. To confirm this, Amendola and
colleagues evaluated the effects of treatment with r-carnitine on
spermatogenesis in mice irradiated with a single dose of 10 Gy
on the testicles. Mice of the treatment group were treated with
intraperitoneal administration of 100 mg/kg of acetyl-L-carnitine
on alternate days for 4 weeks: the effects on spermatogenesis
were evaluated after 1, 28, 35, 40, 45, 50, 55, and 60 days from
irradiation. The authors concluded that acetyl-L-carnitine
improves the possibility of identifying spermatogonia after radi-
ation damage (Amendola et al., 1989).

The same authors, furthermore, have conducted a study to
assess the protective effect of L-carnitine on the spermatogenesis
after heat-induced damage with similar results (Amendola et al.,
1991). Kanter also suggested a reduction in germ cells apoptosis
and a significant reduction in the incidence of sperm morpho-
logical abnormalities in rats subjected to testicular irradiation
and simultaneous administration of r-carnitine (Kanter et al.,
2010). In addition, this powerful antioxidant seems to cause a
cytoprotective effect in rats treated with etoposide, a chemother-
apeutic agent that acts by blocking the catalytic function of
topoisomerase II, thereby causing cell death (Okada et al., 2009).
Human studies appear to confirm this antiapoptotic action, in
addition to the antioxidant, at the level of the reproductive male
system, with a consequent improvement in sperm parameters
(Abad et al., 2013).

According to the above, it is not difficult to understand what is
the rational use of L-carnitine and of its ester, acetyl-L-carnitine,
in the treatment of men with reduced fertility (Ng et al., 2004).

EFFECTS OF L-carnitine on conventional sperm
parameters (Table 1)

In 1992, Moncada and colleagues enrolled 20 couples with a
history of infertility lasting from 16 to 24 months; the male part-
ners of these couples had a diagnosis of idiopathic oligoastheno-
zoospermia and had an average age of 30 + 3 years. All patients
were treated with acetyl-r-carnitine 4 g/day for 60 days; the
sperm parameters were then evaluated at the end of the treat-
ment and after 4 months from the end of the same. At the end of
treatment with acetyl-L-carnitine, 60% of the patients showed a
statistically significant increase in the progressive sperm motility
that appeared to be drug related; 4 months after the end of ther-
apy, indeed, the values of progressive motility were returning
similar to pretreatment value (Moncada et al., 1992).

Similarly, a study of 100 patients with idiopathic astheno-
zoospermia, treated with rL-carnitine administered orally at a
dose of 3 g/day for 4 months, showed an improvement in pro-
gressive and total sperm motility and an increase in sperm con-
centration, confirming, then, a real advantage on the quality and
quantity of semen of treated subjects (Costa et al., 1994). As fur-
ther proof, in 1995, the efficacy of treatment with L-carnitine in
47 infertile patients from at least 2 years, with idiopathic
asthenozoospermia as the only known cause of infertility after
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exclusion of patients with a history of cryptorchidism, post-
infectious testicular atrophy or trauma, severe varicocoele,
obstruction, urogenital tract inflammation or infection, endo-
crine hypothalamic—pituitary-gonadal axis disorders, and with
antisperm antibodies evidence was evaluated. For each patient
enrolled in the study, it was administered orally 3 g/day of L-car-
nitine (divided into three doses with meals) for 3 months. At the
end of the treatment, 80% of patients had a significant improve-
ment in sperm motility, with values nearly equal to those found
in a control group consisting of 110 fertile donors (Vitali et al.,
1995).

As the r-carnitine concentrations are particularly high in the
epididymis, it is now known that its concentration in the ejacu-
late may be a marker of epididymal function. Because the major
cause of reduced male fertility is represented by urogenital tract
inflammation, including epididymitis, some studies have shown
a reduction in the concentration of r-carnitine in the seminal
fluid in patients with epididymitis (Bornman et al., 1989; Cooper
et al,, 1990). The inflammatory state could determine fertility
reduction through the over production of reactive oxygen spe-
cies (ROS) from leukocyte and/or spermatozoa with a conse-
quent increase in oxidative stress.

Because the prostato-vesiculo-epididymitis (PVE), including
all possible urogenital infections, are the diagnostic category
with a higher level of oxidative stress (that often persistent even
after antibiotic therapy), Vicari and colleagues have evaluated
the antioxidant properties of r-carnitine in the treatment of
patients with PVE. For this purpose, they were examined two
groups of infertile men: group A, consisting of 55 patients with
abacterial PVE (average age 34 years old); group B, formed by 35
subjects with bacterial PVE (average age 35 years old). They were
excluded from the study patients with primary testicular disease,
testicular atrophy, endocrine disorders, obstruction of spermato-
z0a, those who practiced drug therapies in the 3 months prior to
the study, patients with oligozoospermia (<5 million/mL), and/
or severe teratozoospermia (>87% of atypical forms) and
monomorphic teratozoospermia. The two groups were then ran-
domly divided into different subgroups based on the treatment
received: Al and B1 subsets received, respectively, for 3 months
an antibiotic and/or nonsteroidal anti-inflammatory drugs
(NSAIDs) (14 days monthly for 3 months), followed by r-car-
nitine (1 g twice daily) together with acetyl-L-carnitine (0.5 g
twice a day), and finally no drug for 3 months. A2 and B2 sub-
groups received, for a 3 month period, in the meantime the
combined antibiotic and/or anti-inflammatory regimen
(x14 days monthly) and r-carnitine (1 g x 2/day) + acetyl-L-car-
nitine (0.5 g x 2/day) followed by 3 months without any ther-
apy. A3 and B3 subsets received for a 3-month period treatment
with L-carnitine 1 g twice a day and acetyl-L-carnitine 0.5 g twice
a day, followed by 3 months without any treatment. Each patient
was subjected to an examination of the seminal fluid, microbio-
logical analysis, and in 60 of the 90 patients ROS production was
also investigated before, during, and after treatment. The results
obtained showed a significant reduction of ROS in seminal fluid
and an improvement in the progressive motility and vitality of
spermatozoa, in particular in the subgroups Al and Bl. These
results suggest that the best antimicrobial and antioxidant
response is obtained administering first antibiotic therapy and/
or anti-inflammatory regimen, and second by the treatment with
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Table 1 Clinical studies on the effects of treatment with carnitine in infertile patients

ANDROLOGY

Authors Patients Treatment Dosage Result

Moncada 20 patients with idiopathic Acetyl-L-carnitine 4 g/day x 60 days Improvement in sperm motility
et al. OAT
(1992)

Costa 100 patients with idiopathic L-carnitine 3 g/day x 4 months Sperm concentration increased
et al. asthenozoospermia Improvement in progressive and total
(1994) motility

Vitali 47 patients with history of L-carnitine 3 g/day x 3 months Significant improvement in sperm motility
et al, infertility for at least 2 years
(1995)

Vicari 55 patients with abacterial PVE ~ Groups A1 and B1: Groups A1 and B1: Groups A1 and B1: significant decrease in the
et al. (group A); antimicrobials + NSAIDs and antimicrobials + NSAIDs ROS production, increase in some semen
(2001) 35 patients with bacterial PVE L-carnitine + 14 days monthly for 3 months parameters (sperm motility and viability)

(group B) acetyl-L-carnitine; and L-carnitine Groups A2 and B2: no significant
Groups A2 and B2: 2 g/day + acetyl-L-carnitine improvement in sperm parameters, ROS
antimicrobials + NSAIDs + 1 g/day for 3 months; persist in semen;
L-carnitine + Groups A2 and B2: Groups A3 and B3: treatment ineffective
acetyl-L-carnitine; antimicrobials + NSAIDs
Groups A3 and B3: 14 days monthly + L-carnitine
L-carnitine + acetyl-L-carnitine 2 g/day + acetyl-L-carnitine
1 g/day for 3 months;
Groups A3 and B3: L-carnitine
2 g/day + acetyl-L-carnitine
1 g/day for 3 months

Vicari & 34 patients with normal L-carnitine + acetyl-L-carnitine 2 g/day + 1 g/day x 3 months Group A: improvement in sperm vitality and
Calogero seminal WBC <1 x 10%/mL sperm motility, increased pregnancy rate
(2001) (group A) and 20 patients (significantly higher than group B)

with elevated seminal Group B: only improvement in sperm vitality
WBC > 1 x 10°/mL (group

B), infertile patients with ROS

overproduction and PVE after

antimicrobials treatment

Vicari 94 patients with abacterial PVE  Group A: L-carnitine + Group A: L-carnitine Significant increase in sperm vitality and
et al. and leukocytospermia acetyl-L-carnitine 2 g/day + acetyl-L-carnitine motility and ROS reduction in seminal fluid
(2002) Group B (n = 16): nimesulide 1 g/day x 4 months only in subjects of group C (sequential

Group C (n = 26) nimesulide Group B: treatment NSAIDs and carnitine)
and L-carnitine + nimesulide x 4 months
acetyl-L-carnitine Group C:

Group D (n = 26) nimesulide x 2 months and
nimesulide + L- after L-carnitine 2 g/
carnitine + acetyl-.-carnitine day + acetyl-L-carnitine

1 g/day x 2 months
Group D: nimesulide +

L-carnitine 2 g/day +

acetyl-L-carnitine

1 g/day x 4 months

Lenzi Randomized placebo- L-carnitine or placebo 2 g/day or placebo accordingto  Improvement in sperm parameters in the
et al. controlled study of 100 the scheme: 2 months group treated with carnitine
(2003) patients with infertility history washout, 2 months therapy/

>2 years placebo, 2 months more
washout and finally a further
2 months therapy/placebo

Lenzi Randomized placebo- L-carnitine + acetyl-L-carnitine 2 g/day + 1 g/day or placebo, Total and progressive motility improvement in
et al. controlled study of 60 infertile or placebo according to the scheme: patients treated with carnitine
(2004) patients with OAT 2 months washout, 6 months

therapy/placebo, 2 months
follow-up

Cavallini 123 patients with OAT and Group 1: placebo; Group 1: placebo x 6 months; Group 1: no significant change in sperm
et al. subclinical varicocoeles Group 2: L-carnitine + Group 2: L-carnitine parameters; pregnancy rate 1.7%;
(2004) acetyl-L-carnitine; 2 g/day + acetyl-L-carnitine Group 2: improvement in the spermatic

Group 3: L-carnitine/
acetyl-L-carnitine and
cinnoxicam

1 g/day x 6 months;

Group 3: L-carnitine/
acetyl-L-carnitine (same dose of
group 2) and cinnoxicam
(30 mg every
4 days) x 6 months

patterns in patients with varicocoele of I, II,
and Il degree; pregnancy rate in group 1 was
21.8%,;

Group 3: improvement in sperm parameters,
pregnancy rate 38%

© 2016 American Society of Andrology and European Academy of Andrology
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Table 1 (continued)

ANDROLOGY

Authors Patients Treatment Dosage Result

Garolla 30 normozoospermic controls Placebo and after L-carnitine Placebo x 3 months, after Sperm motility improved after treatment with
et al. 30 asthenozoospermic L-carnitine L-carnitine in asthenozoospermic patients
(2005) patients divided into two 2 g/day x 3 months with baseline normal PHGPx

groups based on the seminal
concentrations PHGPx
(normal or increased)

Balercia 60 infertile men with L-carnitine 3 g/day x 6 months Acetyl-L-carnitine leads to an improvement in
et al. asthenozoospermia Acetyl-L-carnitine 3 g/day x 6 months sperm motility and reduction of ROS in
(2005) L-carnitine + acetyl-L-carnitine 3 g/day + semen; great improvement when the acetyl-

Placebo 3 g/day x 6 months L-carnitine was administered in combination
6 months with L-carnitine

Balercia 170 infertile men divided into Not azoospermic patients with 1 g/day + 1 g/day x 6 months Improvement in sperm parameters of | and Il
et al. two groups depending on motility <50% treated with level
(2005) whether the total sperm L-carnitine + acetyl-L-carnitine

motility was greater than or
less than the stated range by
the WHO (50%)

L-carnitine; co-administration of antimicrobial agents and
antioxidants is less effective, while treatment with only r-car-
nitine has no effect (Vicari et al., 2001).

On the basis of these data, which show the persistence of
oxidative stress despite the antibiotic therapy, 54 asymptomatic
infertile patients with overproduction of ROS and ultrasono-
graphic evidence of PVE, already receiving antimicrobial ther-
apy, were treated with acetyl-L-carnitine. The patients excluded
from the study were the patients with microbial reinfection,
azoospermia, severe oligozoospermia, teratozoospermia, and/or
necrozoospermia, high FSH levels, primary testicular disease,
smoking cigarette, alcohol consumption, occupational exposure
to chemical, kidney or liver disease, myopathies, or consump-
tion of drugs in the 3 months preceding the study. According to
the concentration of seminal leukocytes, patients were divided
into two groups: group A, with normal numbers of leukocytes in
the ejaculate; group B, with leukocytes higher than the norm
(>1 million/mL). The seminal parameters, the production of
ROS, and the rate of spontaneous pregnancy were assessed
before, during, and after treatment with r-carnitine. The results
obtained showed an increase in the motility and viability of sper-
matozoa in subjects of group A. Treatment with r-carnitine in
group B patients, however, only led to an improvement in sperm
vitality. Finally, the rate of spontaneous pregnancy in patients of
group A was significantly higher than patients in group B (Fig. 1)
(Vicari & Calogero, 2001).

To evaluate whether the association of antioxidants and anti-
inflammatory compounds may be beneficial in treatment of
patients with abacterial PVE and elevated seminal leukocyte
concentrations, the same working group has conducted a
prospective randomized study on 98 patients with the clinical
characteristics just before mentioned. The cohort was divided
into four groups: group A (n = 30) received oral carnitine (1 g
every 12 h) and acetyl-L-carnitine (500 mg every 12 h) for
4 months; group B (n = 16) received non-steroidal anti-inflam-
matory drugs (nimesulide) for 4 months; group C (n = 26)
received non-steroidal anti-inflammatory compounds for
2 months followed by carnitine for 2 months (carnitine 1 g every
12 h and acetyl-L-carnitine 500 mg every 12 h); group D (n = 26)
received non-steroidal anti-inflammatory compounds and car-
nitine for 4 months. The sperm parameters, the ROS production
in seminal fluid, and the spontaneous pregnancy rate were
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assessed before, during, and after treatment with a 3-months
washout period. The collected data have stressed that the
patients in group C had the highest reduction in production of
ROS associated with increased sperm motility and viability,
namely in those patients who have received the first treatment
with NSAIDs and at a later time the one with L-carnitine (Vicari
et al., 2002).

With the aim to evaluate the effects of therapy with r-carnitine
on the male infertility, it has been realized a randomized dou-
ble-blind placebo control on 100 patients, aged between 20 and
40 years, with infertility lasting longer than 2 years (Lenzi et al.,
2003). They were excluded from the study patients with endo-
crine diseases, present or previous cryptorchidism, genital infec-
tions or genital tract obstructions, varicocoele, and testicular
hypotrophy. The seminological inclusion criteria were normal
rheological characteristics, sperm concentration between 10 and
20 million/mL, total motility 10-30%, progressive motility <15%,
atypical forms <70%, semen leukocytes <1 million/mL. The
study design involved the administration of L-carnitine (2 g/day)
or placebo according to the scheme: 2 month of washout,
2 months of therapy/placebo, other 2 months washout, and
finally a further 2 months of therapy/placebo. During each con-
trol sperm parameters seminal concentrations of L-carnitine and
those of seminal a-glycosidase concentration (neutral, SDS inhi-
bitable form used as a marker of epididymal function) and the
lipid peroxidation potential of the sperm membrane were evalu-
ated. The results have revealed an improvement in some of the
variables analyzed both after treatment with L-carnitine than
after placebo, especially in the first period of administration,
stressing the importance of the psychological aspect on the
infertility etiopathogenesis. However, L-carnitine therapy was
effective in increasing semen quality, especially in groups with
lower baseline levels compared with those in the group that
received the placebo, in both cases, however, there have been no
changes in the concentration of seminal a-glycosidase and in
the lipid peroxidation of membrane (Lenzi et al., 2003).

In 2004, a double-blind randomized placebo-controlled trial to
evaluate the efficacy of combination therapy with r-carnitine
and acetyl-L-carnitine in infertile men with oligoasthenoterato-
zoospermia was conducted. The study enrolled 60 subjects
between the ages of 20 and 40 years: 30 patients were treated
with placebo and 30 with r-carnitine (2 g/day) plus acetyl-L-

© 2016 American Society of Andrology and European Academy of Andrology
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Figure 1 Role of reduction of carnitine in the
semen and conseguent inferility.

ANTIMICROBIALS +
NSAIDs + CARNITINE

b

PERSISTENCE OF
OXIDATIVE STRESS
AND SPERMATIC
DAMAGE

carnitine (500 mg every 12 h), according to the following
scheme: 2 months washout, 6 months of therapy/placebo, and
another 2-month follow-up; the criteria for inclusion and exclu-
sion were similar to those of the study described previously
(Lenzi et al., 2003). The results showed that combined treatment
with L-carnitine and acetyl-L-carnitine compared to controls was
effective in increasing sperm motility, especially in groups with
lower baseline levels. In addition, during the intake of carnitine,
four pairs have reached spontaneous pregnancy. Therefore, the
authors concluded that combined treatment with L-carnitine
and acetyl-L-carnitine is effective in improving semen quality in
infertile patients (Lenzi et al., 2004).

In the same year, Cavallini and colleagues conducted a study
to evaluate the effect of therapy with carnitine and cinnoxicam
(drug belonging to the family of NSAIDs) on sperm parameters

© 2016 American Society of Andrology and European Academy of Andrology
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Male accessories gland infection/inflammation

(MAGI)

Increased ROS and reduction of carnitine in the semen
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SPERM DAMAGE

%
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NSAIDs

CARNITINE

|

NO EFFECT
THEN

CARV\\liTINE
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SEMEN QUALITY AND
DECREASE ROS

in patients with idiopathic oligoasthenoteratozoospermia or
associated with ‘subclinical’ varicocoeles. The 123 patients
enrolled in the study were randomly divided into three groups:
group 1, which received placebo; group 2 treated with r-carnitine
(2 g/day) + acetyl-L-carnitine (1 g/day); group 3 treated with -
carnitine/acetyl-L-carnitine (same dosages of the group 2) and
cinnoxicam (30 mg every 4 days). Drugs were administered for
6 months. The sperm concentration, motility, and morphology
were assessed before, during, and after treatment. At the end of
the study, the first group showed no significant change in sperm
parameters; the second group had significantly increased sperm
parameters after 3 and 6 months of therapy, but only in patients
with grades I, II, and III varicocoele. Finally, all patients in group
3 had a significant improvement in sperm parameters, except for
those suffering from grade V varicocoele. After treatment

Andrology, 1-8 5
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discontinuation semen parameters return to baseline. The preg-
nancy rate in group 1 was 1.7%, in group 2 was 21.8%, and in
group 3 was 38%. The authors concluded, therefore, that the co-
administration of L-carnitine/acetyl-L-carnitine and cinnoxicam
may be a feasible therapeutic strategy in patients with low-grade
varicocoele and idiopathic oligoasthenoteratozoospermia
(Cavallini et al., 2004).

To clarify the role of carnitine supplementation in patients
with idiopathic asthenozoospermia, Garolla and collaborators
enrolled 30 controls normozoospermic and 30 idiopathic
asthenozoospermia patients, the latter were divided in two
groups according to the seminal concentrations (normal or
reduced) of phospholipid hydroperoxide glutathione peroxidase
(PHGPx). The therapeutic scheme adopted was the administra-
tion of placebo for 3 months, followed by r-carnitine 2 g/day for
another 3 months. Semen samples and the assessment of levels
of PHGPx were collected at baseline, after placebo, after car-
nitine administration, and again after 3 months with no drugs.
After treatment with L-carnitine, asthenozoospermic subjects
with normal PHGPx seminal concentrations had a mean sperm
motility improvement, highlighting the important role played by
this enzyme in male fertility (Garolla er al., 2005).

In the study of Balercia and collaborators, 60 patients affected
by idiopathic asthenozoospermia were divided into different
treatment groups: L-carnitine 3 g/day, acetyl-L-carnitine 3 g/
day, a combination of the two drugs or placebo for 6 months
(Balercia et al., 2005). The therapy with acetyl-L-carnitine alone
led to an improvement in sperm motility after 3 months, but the
latter was significantly higher when the acetyl-L-carnitine was
administered in combination with r-carnitine. This therapy
improves, moreover, the total oxyradical scavenging capacity of
the seminal fluid in the same population (Balercia et al., 2005).
Similarly, in the same year, De Rosa and coworkers enrolled 170
infertile men; patients were divided into two groups depending
on whether the total sperm motility was higher or lower than the
range set by the WHO (50%). Patients with total motility <50%
were further divided into two groups: group 1A without
azoospermia; group 1B with primary or secondary azoospermia.
The group 1A has been treated with r-carnitine 1 g/day and
acetyl-1-carnitine 500 mg twice daily for 6 months; at the end of
treatment there was an improvement in sperm parameters of
conventional and non-conventional sperm parameters (De Rosa
et al., 2005).

IN VITRO EFFECTS OF L-carnitine on sperm function
Recent studies have shown that the addition of L-carnitine in
spermatozoa intended for incubation, and subsequent centrifu-
gation improves their vitality and motility (Banihani et al., 2012).
Starting from this observation, it is therefore been postulated
that the addition of r-carnitine in semen samples intended for
cryopreservation and for medically assisted procreation would
improve the semen quality (Banihani et al., 2014). In a recent
paper, in particular, semen samples obtained from 22 infertile
patients were analyzed and subjected to addition of L-carnitine
before being cryopreserved; samples from the controls, instead,
were cryopreserved without any supplementation. Twenty-four
hours after cryopreservation, the thawed samples were analyzed
for motility, viability, and spermatozoa DNA oxidation. Although
the presence of some methodological limitation such as the lack
of placebo control showed that the addition of r-carnitine
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improved significantly motility and viability compared to con-
trols, while no statistically significant difference was found in
the levels of DNA oxidation between samples and controls (Bani-
hani et al., 2014).

THE ROLE OF L-carnitine on erectile function

In 2010, Vicari and colleagues evaluated the effect of treatment
with Ezerex (Sigma-Tau, Industrie farmaceutiche riunite s.p.a.,
Rome, Italy) (a nutraceutical containing arginine, vitamin B3,
and propionyl-L-carnitine) on the erectile response to sildenafil
in patients with arterial ED already treated with phosphodi-
esterase type 5 in order to increase the amount of nitric oxide
(NO) bioavailable. Propionyl-L-carnitine is an ester of L-carnitine
that is required for the transport of fatty acids into the mito-
chondria, within the cell it splits into r-carnitine and propionyl-
CoA, an intermediate product of the Krebs cycle which is thereby
stimulated. Fifty-three patients with arterial ED, hypertension,
and diabetes mellitus were randomly treated, for 8 weeks, with
Ezerex (1 dose/day) and then, after a wash out of 8 weeks, every
day with sildenafil 100 mg and a Ezerex. Patients were divided
into the following groups: group A, patients with ED isolated;
group B, patients with erectile dysfunction plus atheromatous
plaques and/or increased intima-media thickness of carotid
arteries; group C, patients with ED plus arterial anomalies of the
lower limbs; group D, subjects with ED and carotid disease and
lower limbs arterial disease. The study had showed that co-
administration of sildenafil and Ezerex significantly improved
erectile response compared to isolated treatment with sildenafil
in all groups of patients. These data suggest that the combina-
tion therapy with phosphodiesterase inhibitor 5 and Ezerex is
effective in increasing the bioavailable NO and reduce ROS,
which in turn inactivates NO (Vicari et al., 2010). However,
despite the encouraging data, available data do not demonstrate
that propionyl-L-carnitine was able to increase the bioavailable
NO and reduce ROS.

L-carnitine and toxicity

Although many studies provided evidences about the clinical
benefits of 1-carnitine, there are also some data on its toxicity.
Beside the antioxidant activity, it should be considered that
compounds with chemical structures containing two or more of
the following functional groups: -COOH, -OH, -SH, -S—, C = O,
—-0-, and amino groups are known to exhibit metal chelating
activity (Yuan et al., 2005; Gulcin, 2006). To this regard in fact, L-
carnitine with -COOH and —~OH groups may act as a metal chela-
tor. A previous study from Banihani ef al. (2012) showed that a
dosage of 0.5 mg/mL of L-carnitine significantly increased the
motility of human spermatozoa (5 x 10° cell/mL) after in vitro
incubation and centrifugation. However, high 1-carnitine con-
centration (50 mg/mL) was toxic to sperm and significantly
decreases sperm motility. As concerning the metal chelator
activity of r-carnitine, it has been shown that r-carnitine can
effectively compete for the chelation of calcium ions. In fact, the
detrimental effect of the high dosage of r-carnitine may be
mainly due to its ability to bind Ca®*, a vital ion needed for
sperm motion (Banihani et al., 2015). In fact, L-carnitine exhib-
ited 13.8 and 40.1% chelation of calcium ions at 0.075 and
0.75 mM, respectively (Banihani et al., 2015).

It should be in fact considered that in the human body, a
number of enzymes require Ca’** as a co-factor for optimal
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activity. Some examples of those enzymes are the ones involved
in the blood clotting cascade such as prothrombinase and tenase
(Mathur et al., 1997, Weiss & Lages, 1997). Accordingly,
decreased Ca”* concentrations may reduce the activity of these
enzymes and affect their activity. LC supplementation may, thus,
decelerate the blood clotting by lowering the level of unbound
calcium.

Beside clinical effect of r-carnitine, physicians should be
aware about the detrimental effect of high dosage of L-carnitine
and that improvement in sperm parameters should not be
achieved by the increasing dosage.

CONCLUSION

According to what has been said, it is clear that the use of -
carnitine and its esters, acetyl-L-carnitine and propionyl-L-carni-
tine, is effective in determining an improvement in sperm
parameters and in particular of the total motility and progressive
motility, reduces the levels of ROS in seminal fluid, and would
be able to improve the quality of the semen, also in case of cry-
opreservation. The administration of these molecules in the
treatment of male infertility (alone or in combination) is, there-
fore, a rational and effective therapeutic strategy. However, clini-
cal benefits should not be achieved at high dose, since the
evidence of calcium chelator activity of rL-carnitine that may
determine cell damage and decrease in serum calcium.
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R E R — AN LAE/NATE 98 4 838 (IEPRFFEMIRTATIR) hFF e T —IiRi i
BEHLBETE . X —FABIE S B U4L: A4 (n=30) #:52 IRA RJEIT (1g/12h) RMIZELA R
7T (500mg/12h) , #4697 4 M B4 (n=16) #ZIEEEFIA L JBEAFFD T 44
Hs C4l (n=26) SEEZAEKEIALHRIT 2 MH, RIERREBITIRT (JEREIT 1g/12h
B R JRTT 500mg/12h) 2 AN D 4L (n=26) 832k SRR 2R B ITIRIT 4 M H.
217 3 A HMBERBG , YR B IRIT R R SR TS5 RVCP ROS AR H AR IR
WA B R 2R C LIRS, RIFEARLE ¥ 5632 NSAIDs Z9¥piRdy, Z ik T -RIgiTia
J7 ¥ £ R ROS A 8D LA RO T8 3 70 RS 7538 e Bl &2 (Vicari et al., 2002). Jy
PR 2R BVTX B ARG BT 8O, R T —BIHEFHR 20-40 2 2 8], ANH L 2R
BPAE LR 100 44 3 TP I BEALUE ZEGA IR (Lenzi et al., 2003). LAFHEFE
M FEHHERR : P9I DLAR B R SBRE S0 AR T Bl A TR A P L R 2 Bk
DK SE RGN . N BB AR AR BT . KSR 1000-2000 75 /ml, K5 ¥Esh 1)
4 10-30%, HUIAIEENHRE T3 <15%, FFMAIEERE T3 <T70%, MR A< HE/ml. HH5
WM AFERIR LR 7 AR e RJeiT (2g/K) 8Ll 2 AN HBsehi. 2 A RHEIT
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2/ A A 2 AN AT B2 2 A H IRIIGIT 251/ 2850 . fE
L, PR TS8L REIRARIETTIREE . Fda &N Chik, L SDS Al A
FIVER SEDIRERIRR BN BRI UL RS 7 Al BB g o 1 e b LT o R Bs e R BT T %
RGIALE, 677 e — 2232 i BT W R Ees, JUHARIRIT IS — B s i LB T AR A
AT REF R EENE 2RI, ERETTRIT A AR Rk &, JCH R R 1 8
B EA R, A RRITRCR E AR EAEMAT, KRa & BRI
TR AR B AL AT AT AL (Lenzi et al., 2003) .

2004 4, —IURE BEHL B T ST 1 2R E VT AL e R JRITH & iR > 55
WA i R (97 20 IR TR SR 4NN T 60 44 20-49 B Z [E ¥ 30 44 B < EFHaTT



30 HEFE M AERENT (2g/KR) + LA RENT (500mg/12h) 677, A7 MM : 21 H
Vel i, 6 A HIRTT 250/ RIS, 2 S A BEVT: AINFIHERRBR 1 5 S BT RiE BRI 7 AR EL
(Lenzi et al., 2003). WFFLAREN, HLEGRAMIL, ZRBITMOBA R JEITHRECE
BT REA BOMERE 753N ), JUHRAE R AR AR W2 . T H., fEh7ERJeiTia
JrIE], A 4 XS BRI SE E AR YR . BRI, AEE S AN R RVT M OB R JETT ik &
VAIT A AN E BRI WUT R (Lenzi et al., 2004). 7E[f—%F, Cavallini J%H
HIBA T 1 — BTt FE R V- SR 7T AN 8 B (s TR S SRPT R 25 0 I 259D X
YD GRS TIE SR MR PR A R K 5K R T 2R E IACR - R 123 BN
R R E BN S = 1, B BONGYT s d 2, A RIBIT 2 e/ R) + Lk
FREIT (1 g/R): H 3 HAEREIT/CBAEREIT GERZA 2) FIEiERE (30mg/4
RO, PINRITRRE: 6 N H o YPNMRITHT. . B EERRETIRE . WM IRIES. Tt
TR, H—H R RN T SHO A BB 5 4B 97 3 NMAFGRIT 6 A H Gk
TZHAYIRSGE, PR TAE 1-3 JOR R eIk #i ok 858 . &, H 3 hkx 7 RLLEf 4
PR Bk ok i 5, R A BB RS T2 8090 W R 097 bk 5 R BRIk
1. 42 A4 3 IMRZR R AN RN L T%, 21, 8% 38%. Kk, {E#HEHAILEIRELKEIT
J SV AR JET AN Vi E FEIER P IR kS R it bk il 7 AR P/ 55 Wy R A A6 1T 5 —
F[ATHIIARTT 5 (Cavallini et al., 2004).

N TR JETT AN e R R M 59K T BB IYE, Garolla SHLHIBAANA 30 44 IEH
R XTREALRT 30 AAF R ESRE TAE B, Ja B B IR i S S8 e H o S Ak v i
(PHGPx) RGO FE CIEW BRI N . R ATT 7 = BReIT 3 M H, BEG
MEREIT 2 ¢/ RIFFFEHEYT 3 N H WERIBITHET, ZRGIGIT . REBITRIT GBS
FEASHT PHGPx 7K-F1¥Ali, 5245 3 NHJEFHAWEE. £-RJEITIRYT G, PHGPx KSR IEH
990G TIE S P IR TIE S AR BB, R T IR EEAE AN E b i A B AR A
(Garolla et al., 2005).

£ Balercia S HBIBAFITE T, 60 44 FBoA e Ak 590G THIE 0 B8 4 0 BN [R] RV T 2 -
FERIBIT 3 e/ R, LBEAERJENT 3g/K, LA EPIMZYINHGIRYT B BRNGIT, 1097 IFF
B:6 MH . OB R BITIRITAH 3 DA R & 8GE, B4 OmAEREITSE R
ITERGIRIT I, X —FRbr s R . M H, 72— A aX Fa 7 3 skl b S48 H
HI2LIEFRAE ST (Balercia et al., 2005). &MU, #E[R—4F, De Rosa MHPBIPAFHEEE T
170 ZHMAE B BERE L IS R & TIE 28T WHO W& FbrETE E (50%) .



SRS TR B 7 <B0%I g St — o A 1A HBATOR TE: 1B AR JRUR e gk
KRUERTERETIE. 1A H—EHHLEREIT 1 ¢/ RMOBAEFRETT 500 mg, EERPIIR, FFsk
9T 6 N, FEIRIT AR, FRUNAER R 7 S 809 H U E.205% (De Rosa et al., 2005)

AN R R RIT SR F IR AER

BOR W SRR, (EFTHE MRS i in e RIgiT, SRS E0, BERERE TG R
530 7) (Banihani et al., 2012). Bk, MXAWEITLE, — EPHEE LR TR RIRAEA
B A4 B AR B BRSPS In e R @ VT s RS Tt (Banihani et al., 2014) . JUHJEH
IR0 KoRA 22 BAF BEKRBFEARIEAT 0T, FREARRAERTREAT IR I R
JEVTIALER: AHE, >k BX ARG IRORE AV R DRAF BT R AT AR AT N . YR IRAE 24 /DI
JG o RRRIOREA I WO TS Z 70« 36 JIF0RS - DNA LTSI . BUARAEAE— L8772 LY
PR, = 2RI, (A2 RB R S0 RAAHLL, din/e < JevT B B GER T igsh 77
AT Sy, MREASFIOS HEZH 2 [AI7E DNA A7 B3 KA Siit 2% L 22 5+ (Banihani et

al., 2014).

R JBITR SR T B 1R A

2010 4E, Vicari MILHIBEAN T K (Sigma-Tau HIZG4EH, mARP L) (—F
TR 4EF B3 AL RIBITF 0D X O B2 HEHIR —Falg 5 2L 5167 LA N
FTAA B NO 25 BB ik ED S80S PG st IR AR ke S B A ISR 22 R e VT 2 —Fi e
RIBTT CBLigflg MRt NBORLAAFT 6 T P50 IR, © eI 2 i e R e VT AR
T CoA (—Fp =SRERAGHA I A=), PRI R IRIERR ). 53 &Nk ED. & ifil R AHE fR
T BFE ALY, 28 i, RIEMEIE (1LIk/R), &xl 8 MRG58
FEHARAE 100mg FIZh UAE . B RAT 4 4. A4, B BD fUiRFE; B4, #hitrhhglx
TREESIAK AR DE R 8. C 4L, ZhileDhRelatq kN IREm RN EE: DA, FhiEDnerz
B[R] P B bk s AT RS ke 1 8 . BF R, 7ELA ERARMERE T, SR
HOTBARAHEL, VU IR AR AN SORS B E iR T AT AW R 5 R A O . IX RS SRR,
R — TG I AR 70 5 Sl SORE Ik A YT e RO B LRI RUN A NO B, I/ ROS RISk
SUKHENO fFD AERG (Vicari et al., 2010) . fR70, /REFIXLLLE R4S NSEEN, H
A BHE A SR I /2R JETT B T BEHE 9 NO 2BV, Izl ROS ZE



ERJBITAEEE

BIRVFZ AR AL 1 0T /2 R JETT I RER & RS , A — el 50 45 R 2 0 T8 ) Je e
o B T HIEAGIETELASN, ENZH% RS LU A B AN LL D aESER]: - COOH, - OH,
-SH, -S-,C=0, -0-, &%, PEHRLEDEINNERIL SRESTENE (Tuan et
al., 2005; Gulcin, 2006). RKTX—xi, HL L, EREITHA -COOH M - OH HH,
A UMEN S REEA . Jeni— Tk H Banihani (2012) %5 NHIRFFC S R A& N 0. 5 mg/mL 1)
JE AR SRV B NG pA A B SRR B O I N R ARG S 71 (5X10° AN4HH/mL). $A
M, SRR RIENT (50 mg/mL) XPFETRATEVER, WRB/DK TN ). RTAEFRE
TS RESIEE, CHIEI A REITRARGEF M E TEGER. Hit, ailEk ke
TTHYIRANAS RN AT e 32 ZE R T S B 145 5 RE ), TS B 1 KG Ta8 sh I s () — b g
¥ (Banihani et al., 2015). L b, EFGETIKETHIY0.075 mM A1 0. 75 mM i, 72
JEIT Ay B A 13, 8% 40. 1%M45 81 (Banihani et al., 2015). 5L FROZHER], £
N, VF 2 B B85 & T il LU B e Him v . X LERgrh 6] B35S 5 ki 208
P, NI 7R tenase BEIMLEF Mathur et al., 1997; Weiss & Lages, 1997). #H
L, I B AR T DA AR Le B s 1, S EA IR AR T BE . KRR, AR RENT

A L A A 45 55 B8 1 B 7K P T 93 92 L Ve ]

bR 7 2ERIBITHIm PR RCR AN, i RS AE B N 2 e R B a8 e R VT AR SE I, AR
BN T B T 2RO E H IR R BT E .

i

RAECLEFrd, R R EVT LB, B REITMAN ARV, RAHYIN
BOERS T 24 U BRE IE S AT IREZ SN F7, ARSI R ROS AT R, AT B
VERS TR R IRAF I ORGP0 BRI, BRI ZE R JEVT LB Yia T vEA s (R BURAD 2
R AR SRS . AR, ARGZ PSRRI BRI R &, RO R BT R A
P TSI TERIESE, ERRe AR, D s SR TS R

I
B R AR P BIASIHE T 7 3 B 2 0 %
SH3CHR (%)





