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Abstract

Carnitines, including L-camnitine (LC) and L-acetyl-
camitine (ALC), are widely used in various diseases
including male infertility. LC is a bioactive form of
camitine. Within the male genital tract, carnitines are
concentrated in the epididymis and spermatozoa. Oxidative

stress in the male germ line leads to the nduction of damage

in the spermatozoa and loss of integrity in the nucleus and
mitochondria. LC essentially plays a key role in the
mitochondrial P-oxidation of long chain free fatty acids.
There is a positive correlation between LC levels in the

Keywords: L-camitine. male infertility, motile spermatozoa

seminal plasma and the number of spermatozoa, the
percentage of motile spermatozoa, and the percentage of
normal forms. The administration of LC and/or ALC may be
effective in improving pregnancy rate and sperm kinetic
features in patients affected by male mfertility. The well-
established role LC have in sperm energy production,

maturation and antioxidant properties: creates a rationale

for the treatment with LC and/orALC in many cases of male

infertility.

Introduction

Carnitine (3-hydroxy-4-N-trymethylaminobutyric acid)
was first isolated from bovine muscle by Russian scientists
in 1905 and only the L-isomer (L-camitine, LC) was found
bioactive. Its role in metabolism was only elucidated in
1955 and primary LC deficiency was defined in 1972 "
Although LC could be biosynthesized de nove by human
body, LC present in human tissues is mainly of exogenous
origin from meat, poultry and fish. Thus, L-carnitine is a
conditionally-essential component of diet and meat is the
richest source for it. Average plasma concentration of
carnitine was found to be significantly lower in strict
vegetarians than those of the respective -omnivorous
controls.” L-camitine is approved by USFDA for the
treatment of camitine nutritional deficiency induced by
hemodialysis in chronic renal failure patients. However,
carnitines, including LC and L-acetyl-carnitine (LAC), are
widely used as health supplements by athletes and in various
discases including cardiomyopathy, congestive heart
failure, peripheral vascular disease and male infertility."!

Male infertility is a significant problem affecting 7.5% of
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the male population. Approximately 60% of these cases are
idiopathic and related to sperm dysfunctions such as aligo-
astheno-teratozoospermia (OAT). No "etiological”
treatment has been found; therefore "empirical” drugs have
been used for OAT. Idiopathic OAT males were regarded as
impervious to any therapy until a few years ago.”

LC is suggested to play a key role in sperm metabolism by
positively affecting sperm motility, maturation and the
spermatogenic process. This effect is mediated by transport
of frec fatty acid across the inner mitochondrial membrane

- tequired for beta-oxidation. Several studies have reported

high concentration of LC in epididymal fluid and
spermatozoa. The concentration of LC is reported as being
positively correlated to the number and motility of
spermatozoa.”™ LC has a protective role against reactive

oxygen species (ROS) by exerting antioxidant properties. [t

binds to free coenzyme-A and removes toxic concentrations
of acetyl-coenzyme A (acetyl-CoA) from cells. Numerous
clinical trials have attempted to demonstrate a beneficial
therapeutic effect of LC and/or ALC in various forms of
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sperm dysfunction.™This article elucidates the role of LC in
the treatment of various forms of male infertility and
summarizes clinical studies on the same.

L-carnitine

Biochemistry

L-carnitine is a cofactor required for transformation of free
long-chain fatty acids into acylcamnitines which are
transported into the mitechondrial matrix for beta oxidation.
Mitochondrial fatty acid oxidation is an essential source of
energy production especially in heart and skeletal
muscles. "Structure of L-carnitine and acetyl —L-carnitine is
depicted inFigure 1.

Stepsin synthesis

Camitine synthesis begins with methylation of the amino
acid L-lysine by S-adenosylmethionine (SAM) [Figure 2].
L-lysine undergoes three consecutive methylation reactions
with SAM acting as the methyl donor. Trimethyl lysine thus
formed is converted to hydroxytrimethyl lysine in presence
of alphaketoglutarate, oxygen, ascorbic acid and iron. This
compound in the next step that requires pyridoxal 5'-
phosphate (vitamin B,) results in the formation of
trimethylaminobutyraldehyde.
Trimethylaminobutyraldehyde after NADH-dependent
reduction and hydroxylation using alpha-ketoglutarate,
oxygen, ascorbic acid and iron Trimethylaminobutyrate (or
gamma-butyrobetaine) is then formed in a reaction
requiring NADH finally transfoms into camitine."”

L-Carnitine

CH,

CH,

Pharmacokinetics

L-carnitine is absorbed in the intestine by a combination of
active transport and passive diffusion. As mucosal
absorption of carnitine is saturated at about a2 g dose, there
is no significant advantage of supplementing an oral dose of
I-carnitine in amounts greater than 2 g, Maximum blood
concentrations are reached approximately 3.5 hours
following an oral dose, with a half-life of about 15 hours.
Elimination of carnitine occurs primarily through the
kidneys. Bioavailability of L-carnitine is reported to be
variable ranging from 16% to 87 % in various studies."

Distribution of carnitine in the genital tract

L-Carnitine is secreted from mammalian epithelium into
epididymal plasma and ultimately into spermatozoa, where
it accumulates as free and acetylated L-carnitine.
Epididymal tissue, seminal plasma and spermatozoa have
the highest free concentrations of camitine in the body.
Carnitine is secreted into the seminal fluid by epididymis.

Studies in rats have revealed that carnitine is present in
testicular fluid and concentrations increase in epididymis
towards from distal caput epididymis point from where
sperms become motile. Similarly, in human epididymis,
concentration of LC is 10-50 times higher than in the
plasma. The mechanism of LC transport in the epididymis

_ has been previously suggested to involve an active transport

system consisting of both a basolateral as well as apical
transporter. Recently, a high affinity Na'- driven, organic
cation transporter (OCTN2), was shown to transport LC into
the cells ofthe epididymal epithelium,

(@]

. H o g
Ho——N—=C—CH—C — )

OH

CH,

0]

H H,
: HC—N"—C—CH—C & o
Acetyl-L-Camitine l I

H l :
3 (|3 o)

CH,

Figure 1. Chemical structure of L-camitine and Acetyl-L-camitine""
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Figure 2. Synthesis of camitine'"
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Mechanism af action

The high concentration of LC in epididymis in rats was

found to be under the control of androgens, thus animals

with cryptorchidism showing lower concentrations  of

carnitine. Nevertheless, no correlation has been found

between the tissue concentration of testosterone in the testis

and the concentrations of carpitine  in' the human
epididymis. This is probably because
accumulates in [estis
concentrations change
concentrations.”
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carnitine
during a long period and testosterone
rapidly with gonadotrophin

LC provides a shuttle system for free fatty acids and
derivatives of acyl-CoA within the mitochondria. Duning
their passage through the cell membrane, acyl groups are
temporarily transferred to LC, producing ALC. In a similar
way, carnitine facilitates the transport of acetyl groups via
ALC [Figure 3]. The end result of these reactions is a
modulation of mitochondrial concentrations of CoA
implicated in various metabolic ways, such as the
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Figure 3. Transport of acyl groups and the
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stress in the male germ line can lead to damage 10
spermatozoa. Oxidative stress can cause peroxidative
damage to the membrane unsaturated fatty acids and reduce
fusogenicity of sperm plasma membrane.”

Dosage

As a general guideline, the average therapeutic dose is 1000

study trealment control  WMD (rendom)  Weight ~ WMD (rendom)

or sub-category N NemiD) N Memp  $%C % S Order
BelerciaG-12005 16 1288(1002) 15 -053(10.06) + 1468  1339[6.20,2058) 1
Balercia G22005 15 1656(1094) 15 -053(10.08) + 1437  17.09[957,24.61] 2
Balercia G-32005 14 1654(1073) 15 053 (10.06) + 1431 17.07(049,24.65] 3
LenziA 2003 8k 1100(647) 81  BT9(561) 1875  221(035,4.07] 4
LenziA 2004 30 794(1165) 26 647(841) 1645  1.47[-381,6.75] 5
Pryor JL 2003 12 530(1059) 9  170(1645) 1043 3.60[870,1590] 6
SqmanM2006 12 530(1050) 9  930(1380) M3 4.00 (1485 685] 7
Total (5% CI) 179 170 4 10000 7.43[1.72,13.14]

Test for heterogeneity. Chi?= 36.11, df = 6 (P<0.00001),1=83.4%

Test for overall effect Z = 2.55 (P=0.01)

e i '
400 50 0 50 100

R It Favours control Favours treatment
e 4. C i Rt e S £ . i :
Figur: omparison of effects of carnitine therapy with placebo (control) on percentage of total sperm motility™
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WMD (random) Weight WMD (random)
%

Study treatment Control 95%Cl
or sub-category N Mean (SD) N Mean(SD) i

Balercia G-12005 15  12607.28) 15  -0.13(819) ¥ i :.ﬂg E";'g ]g'ﬁﬁ}
Blewia G22005 15 M97087) 15 013845 + a1
Balercia G-32005 14 135%887) 15 -0138.15) R S s S T
Lenzi A 2003 81 1640480) 81  1380(407) r NGRR L  yeh
Lenzi A 2004 30 10.17(11.39) 26  8.99(8.09) o 24 e ahe 28.70 s 05 3'1 2]
Lizheng20053 32  3200670) 31  3.30(366) L - e
Total (95% C) 187 183 & 100.00, 183048, 210]
Test for hererogeneity: Chi?= 309.62, df = 5 (P<0.00001), 1?7=98.4% - !

Test for overall effect Z = 2.05 (P=0.04) 4

400 50 o0 50 100
Favours control Favours treatment
age I
Figure 5. Comparison of effects of camitine therapy with placebo on percentage of forward sperm motility”

WMD (fixed) Weight WMD (fixed)

Study treatment control
or sub-category N  Mean(SD) N Mean (SD) 80% ClI % 90% Cl
Balercia G-1 2005 15  -8.00(6.38) 15  -093(6.33) #— 2257 -7.07[-11.62,-2.52]
Balercia G-2 2005 15  -B.20(6.46) 15  -0.93(6.33) —— 2228 -7.27[-11.85, -2.69]
Balercia G-3 2005 14 -7.53(5.92) 15 -0.83(633)  +—+—— 2348 -660[-11.06,-2.14]
Lenzi A 2004 30 431(7.91) 26 -1.28(6.75) —s 31.66 -3.03[6.87,0.81]
Total (35% CI) 74 71 - 10000  -572]-7.89, -3.56]
Test for heterogeneity: Chi?=2.81,df = 3(P=0.42),17=0% :
Test for overall effect: Z = 5.19 (P < 0.00001)
S L L)
Favours treatment Favours control
Figure 6. Comparison of effects of camitine therapy with placebo on percentage of atypical sperm forms"'
mg given two to three times daily for a total of 2000-3000 conducted."
mg. No advantage appears to exist in giving an oral dose
greater than 2000 mg at one time, since absorption studies Clinical studies in male infertility
indicate saturation at this dose.™
: : A review [the meta-analysis of 7 randomized clinical trials
Adverse reactions compared LC and /or L-acetyl-carnitine (LAC) therapy to
placebo treatment] by Zhou ef al. indicated that there was

marked significant effect of camitines on pregnancy rate

A variety of mild gastrointestinal symptoms have been
was [OR = 4.10, 95% CI (2.08, 8.08); p < 0.0001). This

reported, including transient nausea and vomiting,

a::dubrzmal :mm;;sj fmd ;.j mrfh:;"f::;?%;?c:;dy :im h:s supported the hypothesis that pregnancy rate could be
aon el 'st:rv mn. cv.v s i Sy il significantly improved afier administration of carnitines in
the dose will result in improvements in these adverse fartileimen

reactions. No reports of L-camnitine toxicity from
overdosage exist. In mice, the LD, is 19.2 g/kg. Studies
indicate no mutagenicity; however, experiments to
determine the long-term carcinogenicity have not been

Meta-analysis of 3 trials showed that the overall average
effect of camitines on sperm concentration was not
statistically significant as compared to placebo [Weighted
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mean difference (WMD) = 5.69, 95% CI (-4.47, 15.84); p=
0.27).

However, the overall average effect of camitines on the
percentage of total sperm motility was [WMD = 7.43, 95%
CI(1.72, 13.14);p=0.01), statistically significant to indicate
that carnitines could be effective on the increment of total
sperm motility. The overall average effect of camitines on
the percentage of forward sperm motility (WHO class A and
B) was statistically significant [WMD = 11,83, 95% CI
(0.49,23.16);p = 0.04].

This suggested a significant increase in forward sperm
motility after carnitines therapy. The overall average effect

of carnitines to reduce the percentage of atypical sperm
forms was [WMD = -5.72, 95% CI (-7.89, -3.56; p -
0.00001] also statistically significant compared wip
placebo, which supported their effectiveness to decrease
atypical sperm forms. Comparison of effects of camitine
therapy with placebo is shown in Figure 4, 5 & 6,

[n summary, based on the results of meta-analysis presented
above, especially the significantly improvement in
pregnancy rate which was considered as the main outcome
measure in this systematic review, it is supported that
camnitine therapy (with L-carnitine and/or L-acetyl-
carnitine) showed some considerable positive effects in

Table 2. Summary of sclected human clinical trials using camitines™ OAT = oligoasthenoteratozoospermia; LC = L-carnitine;
ALC = acetyl-L-carnitine; PVE = prostaticovesiculoepididymitis; NSAID = non-steroidal anti-inflammatory drug; ROS =

reactive oxygen species.

JV

‘;::’:’“; and Study population  Treatment Sperm count Sperm motility Other finding
g results results and cormments
Lenzi el al. (2003): | 86 infertile 2 months Total motile:
randomized with DAT washout, 2 months 9+ 6.75 versus
placebo-contralied placebo/LC (2 g), 74+558%54 +
double-blind cross- 2 month washout, 4'.52_“ frgma}u =
over trial, 8 months 2 months placeba / motile: 7.2 + 6.39
LC(2g) versus 5.8 +
6.02™
Vicari et al.(2002): 88 infertile males Group A: LC + ALC -No difference in  Group C 32 (18 Mo no
open prospective with abacterial Group B: four groups 40) vzrsus 1£! : sa’g:;?f?ggg £
study, 6-9 months PVE NSAID - 4 monins compared with (10,19)* difference.
Croup C: . NSAID 2 pretreatment Viability: groups C
months followed by values and D 44 (32, 60)
LC + ALC - 2 months. and 38 (28,50)
Group D: NSAID and versus 24 (19,38)
LC+ AL:C and 24 (18,39)"
cancomitantly - 4 leukocyte count:
months, LC: 1 g/12h. groups C and D
ALC: 500 ma/12 h. 0.7 (0.4,1.0)and 1
(0.6, 1.1) versus
1.7(1.1,2.0) and
1.7 (1.4,2.1)
ROS production;
group C 14.7
versus 51.7
Vicari and Calogero | 54 infertile males LC (1.g) +ALC No difference Forward motility  Viability: groups A
(2001): open with abacterial (500 mg)/12 h compared with 28 (22,35) and B 42 (32,56)
prospective study, 3 | PVE Group A: for 3 months pretreatment versus 14 and 33 (28,56) and
S (n=34) no (10,20)* 33 (28,46) versus
leukocytospermia. 29.5 (25,32) and
Gfﬂup B: (n = 2{]) 27.5 {25.46}“ ROS
leukocytospermia production group A
= 48.8 (26.2,66.8)
.~ versus 61,1
(30.2,79.5)*
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Vitall et al. (1995): | 47 infertile
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study, multicentre asthenozouspermla bl el
lrial, 6 months L
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168 + 58 535+ 77 347 n
varsus 88,9 versus 26.8 + no m?nl:!n :ﬂ’d
+8.9" 10.5% 7147 had
worsening of
semen parameters
494 +37t0 2689+11to Abnormal
63.2+3.4% 36.4 + 09" morphology
' significantly
A decreased
459+ 08 to
429 +0.8%
21.7+324 1o
38.2 +4.71"

‘Results ex = i g .
pressed as median (10 percentile, 90" percentile). “Compared with pretreatment values in the same group considered significant (2 < 0.05).

‘Resu]tsﬂ.t?msszd as mean 4 standard deviation, Y
IMproving sperm quality compared with placebo
treatment,”

In a study conducted by Cavallini G et al., it was found that
group 2 (used oral L-camitine (2 pm/day) + acetyl-L-
carnitine (1 gm/day) had significantly increased sperm
pattemns at 3 and 6 months into therapy in idiopathic patients
and in patients with grades I, II, and 11 varicocele, but not in
grades IV and V. Group 3 (used L-carnitine/acetyl-L-
camitine + 1 X 30-mg cinnoxicam suppository every 4
days) had significantly increased sperm parameters in all
patients, with the exception of grade V varicocele. Group 3
sperm patterns proved significantly higher during therapy
than group 2. All sperm patterns fell to baseline after therapy
suspension. Minor side effects occurred. Pregnancy rates
were 1.7% (group 1- used placebo), 21.8% (group 2), and
38.0% (group 3) (p< 0.01). Thus, L-camitine/acetyl-L-
carnitine + cinnoxicam suppositories proved a reliable
treatment for low-grade varicoceles and idiopathic OATs.”

In one multi-center trial by Costa et al, 100 patients
received 3 g/day of oral L-camnitine for four months. Sperm
parameters were assessed before, during, and after the
study. Motility was determined by computer-assisted sperm
analysis. The results clearly demonstrate camitine has a
positive effect on sperm motility. The percentage of motile
spermatozoa increased from 26.9+ 1.1 1037.7+ 1.1 %. The
percent of sperm with rapid linear progression increased
from a baseline of 10.8% to 18%. Not only did camitine
significantly affect sperm motility, but the total number of
spermatozoa per ejaculate also increased.”

In an open prospective clinical trial by Vitali et al,, similar
results were reported with 3 g carnitine given daily for three

Journal of Therapeutic Advances | Jul-Dee, 2012 | Issue No.6
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months. Thirty seven of the 47 participants had increases in
sperm mofility, rapid linear progression, and total number of
sperm.”

In a related study, 20 men with idiopathic asthenospermia
(defective sperm motility) were given acetylcarnitine, 4
g/day for 60 days: While acetylcamitine did not affect sperm
density or total motility, it did significantly increase
progressive linear sperm mnﬁl'ity. It is interesting to note
that gains in sperm motility were sustained in 2 of the
subjects during the four-month follow-up period. Five
pregnancies occurred during treatment, with two more
occurring during the four months following the trial.”

Observational studies

In a study conducted by Menchini-Fabris et al., involving
124 infertile patients, a direct correlation between semen
camitine content and sperm motility (P<0:01), was found.
The results also showed a positive correlation between free
L-carnitine and both sperm count and the number of motile
sperm per milliliter (p<0.01)."

Similar findings were reported in a study consisting of 101
infertile men in whom the group with normal spermiogram
had a mean value for L-camitine of 4784 while the
abnormal one comes to 100.58. This difference was
statistically significant (p<0.0001). There was a statistically
significant, positive correlation between L-camnitine and the
number of spermatozoa, the percentage of matile
spermatozoa, and the percentage of normal forms (p <
0.0001)."

However, it is important to note that above mentioned
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studies lacked a double blind, controlled design. Summary

of selected human clinical trials using camitines is shown in
Table 2,

Conclusion

Humuu clinical trials have demonstrated that L-camitine
f.LC) and Acetyl-L-carnitine (ALC) supplementations
improve sperm motility parameters among men with
astheno- or oligoasthenozoospermia. Due fo the well-
established role LC and ALC have In sperm energy
production, maturation and antioxidant properties, it creates
a rationale for treatment with LC and/or ALC in many cases
of male infertility.
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