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placebo-controlled double-blind
andomized trial of the use of combined
-carnitine and L-acetyl-carnitine treatment
n men with asthenozoospermia

ndrea Lenzi, M.D.,a Paolo Sgrò, M.D.,a Pietro Salacone, M.D.,a Donatella Paoli, B.Sc.,a

arbara Gilio, M.D.,a Francesco Lombardo, Ph.D.,a Maria Santulli, B.Sc.,b

shok Agarwal, Ph.D.,c and Loredana Gandini, B.Sc.a

niversity of Rome “La Sapienza,” Rome, Italy

bjective: To determine the efficacy of combined L-carnitine and L-acetyl-carnitine therapy in infertile males
ith oligo-astheno-teratozoospermia.

esign: Placebo-controlled double-blind randomized trial.

etting: University tertiary referral center.

atient(s): Sixty infertile patients (aged 20–40 years) with the following baseline sperm selection criteria:
oncentration, 10 to 40 � 106/mL; forward motility, �15%; total motility, 10% to 40%; and atypical forms,
80%. Fifty-six patients completed the study.

ntervention(s): Patients were submitted to a combined treatment of L-carnitine (2 g/d) and L-acetyl-carnitine
1 g/d) or of placebo; the study design was 2 months’ wash-out, 6 months of therapy or of placebo, and 2
onths’ follow-up.

ain Outcome Measure(s): Variation in the semen parameters that were used for patient selection.

esult(s): Even though increases were seen in all sperm parameters after combined carnitine treatment, the
ost significant improvement in sperm motility (both forward and total) was present in patients who had lower

nitial absolute values of motile sperm (�4 � 106 forward or �5 � 106 total motile spermatozoa per
jaculate).

onclusion(s): Combined treatment with L-carnitine and L-acetyl-carnitine in a controlled study of efficacy
as effective in increasing sperm motility, especially in groups with lower baseline levels. (Fertil Steril� 2004;
1:1578–84. ©2004 by American Society for Reproductive Medicine.)
f
t

Free L-carnitine (3-hydroxy-4-N-trymethyl-
minobutyric acid) has a pivotal role in cellular
nergy production. It was first isolated from
ovine muscle in 1905, and its structure was
stablished in 1927. Free L-carnitine is neces-
ary in mitochondrial �-oxidation of long-
hain fatty acids. Fatty acids must undergo
ctivation (bind to coenzyme A [CoA] to form
cyl-CoA) to enter the mitochondria. Long
hain acyl-CoA molecules are incapable of
rossing the internal mitochondrial membrane
nd hence use a specific enzymatic mechanism,
hich uses L-carnitine as a shuttle (1–3). After

ransport into the mitochondria, acyl is trans-
erred to the mitochondrial CoA by acyl-carni-

ine; this initiates �-oxidation with the product fl
denosine triphosphate and finally exits as L-
cetyl-carnitine to start a new transport cycle.

Carnitine also protects the cell membrane
nd DNA against damage induced by free ox-
gen radicals. It prevents protein oxidation and
yruvate and lactate oxidative damage (4).

Seventy-five percent of the carnitine that is
resent in humans derives from diet, whereas
5% is synthesized from lysine and methio-
ine, even though the enzyme that catalyzes the
ydroxylation of the 4-butirrobetain in L-carni-
ine, 4-butirrobetain hydroxylase, is present in
ew tissues (5). The highest levels of L-carni-
ine in the human body are found in epididymal

uid, in which its concentration is around
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,000 times higher than in circulating blood (2 to 100 mM
s. 10 to 50 �M).

The initiation of sperm motility occurs in parallel to an
ncrease in carnitine concentration in the epididymal lumen
nd L-acetyl-carnitine in spermatozoa (2, 6, 7). Epididymal
pithelium secretes L-carnitine into the lumen by specific
ctive transport systems (8).

Taking into account their mechanisms and functions, L-
arnitine and L-acetyl-carnitine have been proposed and used
s a possible treatment in selected forms of oligoasthenotera-
ozoospermia (9–12).

We report here on a 6-month double-blind, randomized
lacebo-controlled trial of combined L-carnitine and
-acetyl-carnitine treatment in a selected group of infertile
ale patients who had various degrees of oligoasthenotera-

ozoospermia.

MATERIALS AND METHODS

tudy Design
The study was authorized by the Italian Ministry of

ealth. The study was approved by the Institutional Review
oard and Ethical Committee of the Faculty of Medicine at
ome University Hospital.

A group of 60 patients were submitted to the following:
ouble-blind therapy of L-carnitine (10 mL vial containing 2
/d orally of Carnitene; Sigma Tau, Pomezia, Rome, Italy)
nd L-acetyl-carnitine (tablet containing 500 mg twice per
ay orally every 12 hours; Zibren, Sigma Tau) or a seem-
ngly identical placebo (each 10-mL placebo vial contains
he following: malic acid, sodium benzoate, sodium saccha-
inate dihydrate, anhydrous sodium citrate, pineapple flavor-
ng, demineralized water; each placebo tablet contains a core
ith 1-hydro lactose, magnesium stearate, polyvinylpyrroli-
one, corn starch, and a coating with cellulose acetophtha-
ate, dimethicone, ethyl phthalate; Sigma Tau).

The carnitine dose chosen was both the most commonly
sed dosage for treatment of other diseases (kidney, nervous
ystem, heart, muscular disease, and so on) and similar to
hat used in past trials on male infertility by our group and
ther investigators (9–12).

The study design was 2 months’ wash out, 6 months’
herapy (30 patients) or placebo (30 patients), and a further

months’ follow-up (controls at months T�2, T0, T�3,
�6, T�8).

Monthly evaluation of two semen samples before the
eginning of treatment (T�2, T0) was carried out to test
emen parameter stability in each patient as recommended
y the World Health Organization (13). At time T�3, only
ne semen sample was collected per patient; at T�6, two
onsecutive semen samples after 5 days of abstinence were
ollected; and at T�8, only one semen sample was collected

er patient. o

ERTILITY & STERILITY�
The double semen analysis was performed only at T�6,
hich, being the end of the treatment period, was considered

s the most relevant period.

At various time points the following analyses were car-
ied out:

Microscopic semen analysis (T�2, T0, T�3, T�6, T�8)
to evaluate modifications in semen and sperm param-
eters (13),

seminal carnitine concentration (T0 and T�6) to evaluate
possible concentration variations during therapy (14),
and

sperm lipid peroxidation potential (LPOp) evaluated by
thiobarbituric acid assay (T0 and T�6) to test possible
sperm membrane variations (15).

All analyses were performed on both therapy and placebo
atients.

Patient compliance and possible side effects were also
oted, and blood analyses were carried out at T0 and T�6 to
valuate the treatment’s safety.

On the basis of previous results from our group and other
uthors (9–12), improvement in sperm motility (both total
nd forward) was considered to be the main measurement of
fficacy.

emen Analysis
All microscopic semen analyses (six for each patient)

ere carried out by the same biologist (L.G.) by World
ealth Organization standard procedures (13) and our own

tandards. The microscopic equipment Leica DMRA (Wet-
lar, Germany) was used for all semen analyses. Our labo-
atory is accredited by the Italian Institute of Health as the
uide laboratory for national external quality control (EQC)
n seminology (16) and is assessed by an international EQC
UKNEQAS).

Samples were collected by masturbation after 3–5 days of
exual abstinence. Semen variables taken into consideration
ere the following: ejaculate volume (in milliliters), sperm

oncentration (n � 106/mL), total sperm count (n � volume
f ejaculate), forward progressive sperm motility (percent-
ge at 1 hour after ejaculation), total motility (percentage of
inear progressive and nonlinear and nonprogressive) and
perm morphology (percentage of atypical forms). Sperm
orphology was evaluated by the May Grünwald Giemsa

taining procedure.

Absolute values for total and forward-motile spermatozoa
er ejaculate were also calculated by multiplying the per-
entage of total or forward sperm motility by sperm concen-
ration per milliliter and by the volume (in milliliters) of the
ingle ejaculate. This enabled a more reliable evaluation of
he effect of treatment on sperm motility in cases of severe

ligozoospermia or asthenozoospermia, in which the varia-

1579
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ion in sperm motility percentage is possibly not sensitive
nough as an indicator.

tudy Group and Eligibility
The study group of 60 patients was selected by a single

ndrology team, on the basis of sample size calculation.
ritten, informed consent was obtained from all partici-

ants. General inclusion criteria were as follows: age, 20–40
ears; infertility, �2 years; and regular sexual intercourse
ith a fertile female. The female partner was defined as
eing fertile if she had undergone a negative infertility
orkup (biphasic basal body temperature, P evaluation in

uteal phase, ultrasound ovary and uterus evaluation, and
ysterosalpingogram to study tubal patency).

Clinical inclusion criteria for the study subjects were the
bsence of the following:

General and endocrinological diseases (clinical examina-
tion and routine and hormonal laboratory tests),

present or previous cryptorchidism,
genital infections or genital tract obstructions (sperm cul-

ture, urethral swab mycoplasma and chlamydia test,
and biochemical study of seminal plasma),

varicocele and testicular hypotrophy (ultrasonography
and Doppler color flow),

and antisperm antibodies (tested both in sera and bound to
the sperm surface) (17).

Patients were requested to follow a standard diet to avoid
ffects attributable to variable L-carnitine intake in food.
one of the patients suffered from L-carnitine metabolism
eficiency.

Semen inclusion criteria were as follows: normal rheo-
ogical characteristics (appearance, consistency, and lique-
action), volume and pH in the normal range, sperm concen-
ration of 10 to 40 � 106/mL; forward motility, �15%; total
otility, 10%–40%; atypical forms, �80%; semen leuko-

ytes, �1 � 106/mL. These upper and lower sperm param-
ter limits allowed the inclusion of cases of mild oligoas-
henoteratozoospermia and severe asthenozoospermia and
eratozoospermia. These were chosen on the basis of previ-
us experience (11). The sperm concentration limits allowed
he exclusion of cases of severe quantitative spermatogenesis
efect (�10 � 106/mL) that would have precluded observa-
ion of positive or negative effects of the treatment.

For inclusion in the trial, patients had to meet the above
emen inclusion criteria at both wash-out times (T�2 and
0). This excludes any patient with a transient decrease in
emen quality during the wash-out period who then has a
udden (and treatment-independent) improvement at subse-
uent observation points.

tatistical Analysis
Means, SD, and SE were calculated on all clinical and
eminal variables at each time control. p

580 Lenzi et al. Carnitine therapy in asthenozoospermia
Independent-samples t test was used to evaluate the sig-
ificance of differences between the variables that were
bserved at the two wash-out semen analyses (T�2 and T0).

Student’s t-test was used to evaluate the homogeneity
etween “placebo” and “therapy” patient groups at the base-
ine (T0).

In every stage of statistical analysis, results reported for
�6 are the mean of values obtained from the two consec-
tive semen samples collected after the 6th month of treat-
ent (therapy or placebo).

Variance analysis for repeated measures was used to
valuate any significant variation in quantitative variables
ver time between the therapy and placebo groups. The
etween factor was the difference between placebo and ther-
py treatment, and the within factor was time, with a first
nalysis of five levels (T�2, T0, T�3, T�6, and T�8) and
second of four levels (T0, T�3, T�6, and T�8).

A t test for independent samples (on differences between
�6 and T0) was used to evaluate whether the overall semen
arameter variation was significantly different between the
wo groups.

Linear regression models (T�6 � T0/T0) were used to
tudy the significance of variation between placebo and
herapy patient groups for sperm concentration, motility
forward and total), morphology, and seminal carnitine con-
entration.

On the basis of previous experience (11), both raw data
e.g., forward and total motility percentages) and absolute
alues in terms of millions of motile spermatozoa per ejac-
late (obtained by multiplying the total sperm per ejaculate
y the percentage of total and forward sperm motility) were
ubjected to statistical analysis. This was performed by the
ann-Whitney U test, analyzing and comparing therapy and

lacebo patients both on the whole group and after division
nto subgroups on the basis of the number of total and
orward-motile spermatozoa at time T0: that is, �20 � 106,
10 � 106, and �5 � 106 total motile sperm per ejaculate

nd �12 � 106, �8 � 106, and �4 � 106 forward-motile
perm per ejaculate.

These subgroups were chosen arbitrarily, with the only
riterion being a homogenous distribution of cases (in both
herapy and placebo group) in each one, with the aim of
erifying previous observations (11) on the improvement in
perm motility in groups with lower initial values. This
llowed detection of a possible optimal threshold of variable
perm motility (total and forward) in which the maximum
herapeutic effect was achieved.

RESULTS
Four patients dropped out from the study. When the codes

ere broken at the end of the study, it was seen that all 30

atients included in the therapy group, and 26 of the 30

Vol. 81, No. 6, June 2004
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atients included in the placebo group completed the study.
able 1 reports mean and SD of sperm variables at each

ime.

The two semen analyses conducted before treatment
T�2 and T0) showed no statistically significant differences
n t test for independent samples conducted on semen vol-
me, sperm concentration, motility (total and forward), and
orphology. Values measured at the beginning of the treat-
ent (T0) were therefore acceptable as the baseline for

urther comparisons.

Results at T�3 and the mean of the two analyses at T�6
ompared by analysis of variance for repeated measures did
ot show statistically significant differences for either single
atients or the placebo and therapy groups. Mean values at
�6 were then used in the further comparison with values at
0.

Subjects undergoing carnitine therapy showed no im-
rovement in semen volume and sperm concentration and

T A B L E 1

escriptive analysis of the semen parameters of all select
lacebo group (26 patients).

arameter T�2 T0

herapy group
Vol (mL) 3.25 � 1.24 3.13 � 1.42
Conc (n � 106/mL) 19.60 � 6.56 18.07 � 5.68
Mot tot (%) 24.50 � 5.31 23.17 � 6.50
Mot frw (%) 15.67 � 4.50 14.83 � 5.17
Atyp (%) 76.17 � 4.62 76.87 � 4.10

lacebo group
Vol (mL) 3.00 � 1.19 2.75 � 1.16
Conc (n � 106/mL) 15.58 � 7.40 16.12 � 7.79
Mot tot (%) 24.23 � 5.23 23.08 � 6.49
Mot frw (%) 16.35 � 4.37 15.42 � 5.35
Atyp (%) 76.00 � 4.94 75.42 � 5.22

ote: Data are mean � SD. All P values are �.05. Vol � semen volume; C
rw � percentage of forward sperm motility; Atyp � percentage of atypic

enzi. Carnitine therapy in asthenozoospermia. Fertil Steril 2004.

T A B L E 2

nalysis of total motile sperm per ejaculate (n � 106) and
roup (30 patients) and placebo group (26 patients).

arameter T�2 T0

herapy group
Total motile sperm/ejaculate 11.185 � 6.414 11.876 � 8
Forward motile sperm/ejaculate 7.411 � 4.151 7.456 � 5

lacebo group
Total motile sperm/ejaculate 15.503 � 7.748 13.528 � 9
Forward motile sperm/ejaculate 10.084 � 5.838 8.647 � 6

ote: Data are mean � SD.
,b Mann-Whitney U test significance (P values between T0 and T�6): aP�
enzi. Carnitine therapy in asthenozoospermia. Fertil Steril 2004.

ERTILITY & STERILITY�
ercentage of normal morphology but did have an improve-
ent in total and forward sperm motility as compared with

lacebo patients (from 23.17 � 6.50 to 31.11 � 13.46 and
rom 14.83 � 5.17 to 25.00 � 13.06). However, the differ-
nces between the therapy and placebo groups for all the
emen variables analyzed were not statistically significant
or either analysis of variance for repeated measures or t test
or independent samples (on differences between T�6 and
0). Neither did the linear regression analysis model show a
tatistical significance in the variation observed.

Further analyses were carried out on absolute values in
illions of total motile spermatozoa present in the ejaculate.
significantly higher increase was observed in the therapy

han in the placebo group when comparing T0 and T�6
alues for the whole group (Tables 2 and 3) by Mann-
hitney test (P�.042).

In addition, the significantly higher increase in total mo-
ile sperm present in the ejaculate was seen when comparing

atients, divided into therapy group (30 patients) and

T�3 T�6 T�8

3.12 � 1.17 3.17 � 1.50 3.15 � 1.53
21.15 � 9.69 22.09 � 9.05 18.23 � 9.31
28.18 � 11.40 31.11 � 13.46 27.56 � 9.22
20.91 � 11.41 25.00 � 13.06 19.44 � 9.06
75.12 � 6.70 75.59 � 7.79 77.18 � 5.86

3.16 � 1.67 3.14 � 1.47 3.03 � 1.65
19.82 � 13.92 22.17 � 16.95 19.67 � 11.09
25.77 � 9.45 29.55 � 9.50 25.00 � 9.26
19.62 � 9.79 24.41 � 9.31 18.41 � 9.43
73.86 � 8.85 71.11 � 9.10 74.94 � 8.78

� sperm concentration; Mot tot � percentage of total sperm motility; Mot
ms.

ard motile sperm per ejaculate (n � 106) in therapy

T�3 T�6 T�8

21.887 � 16.971 30.654 � 21.792a 17.251 � 8.658
17.755 � 14.277 25.149 � 24.340b 13.770 � 6.487

17.944 � 12.869 24.153 � 13.558a 16.544 � 15.798
13.801 � 11.203 19.870 � 11.313b 12.488 � 13.873

; bP�.044.
ed p

onc
al for
forw

.450a

.949b

.943a

.980b

.042
1581
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he therapy and placebo subgroups with T0 values of �5 �
06 total motile sperm per ejaculate. This was evaluated both
y the Mann-Whitney test (P�.038) and by the analysis of
he proportion of variation of total motile spermatozoa,
hich was significantly higher in treated than in placebo
atients (P�.018).

The absolute values of forward-motile spermatozoa, ex-
ressed as millions of forward-motile spermatozoa present in
he ejaculate, also showed a significantly higher increase in
he therapy group comparing T0 and T�6 values in the
hole groups (Tables 2 and 3) by Mann-Whitney U test

P�.044). Furthermore, at T�6, a significantly higher in-
rease of forward sperm motility was observed in patients
ith a value at T0 of �4 � 106 forward-motile sperm per

jaculate.

This was evaluated by both the Mann-Whitney test
P�.043) and the analysis of the proportion of variation of
orward-motile spermatozoa, which was significantly higher
n treated than in placebo patients (P�.028). In this same
roup of patients (�4 � 106 forward-motile sperm per
jaculate), the proportion of variation of total motile sperm
er ejaculate was also significantly higher during the therapy
eriod (P�.015), as confirmed by the Mann Whitney test
P�.029).

Four spontaneous pregnancies were achieved during the
bservation period. After the codes were broken, it was
ound that all patients who initiated a pregnancy in their
emale partner had undergone carnitine therapy. Evaluation
f female partner menstrual history showed that all fecun-
ations were achieved during the period of carnitine therapy
two at the 4th month of therapy, one at the 5th month, and

T A B L E 3

nalysis of motile spermatozoa variation before and after
ubgroups, identified by total motile sperm per ejaculate (
t T0.

Total motile sperm per ejaculate

perm count groups

Time

T0 T�6

herapy group
�20 � 106 18.5 � 3.4 26.3 � 6.2
�10 � 106 8.4 � 2.6 12.5 � 3.9
�5 � 106 3.4 � 1.9 6.9 � 3.2a,b

lacebo group
�20 � 106 19.2 � 2.7 26.1 � 3.1
�10 � 106 7.6 � 2.9 10.6 � 2.8
�5 � 106 2.7 � 2.8 3.4 � 2.2a,b

,b,c,d Mann-Whitney U test and proportion of variation significance between
jaculate at T0 (aP�.038; bP�.018) and with �4 � 106 of forward motile

enzi. Carnitine therapy in asthenozoospermia. Fertil Steril 2004.
ne at the 6th month). i

582 Lenzi et al. Carnitine therapy in asthenozoospermia
Interestingly, all these patients were in the subgroups with
igher T0 values of forward-motile sperm per ejaculate: two
regnancies were induced by patients with �8 � 106 for-
ard-motile sperm per ejaculate and two by patients with
12 � 106 forward-motile sperm per ejaculate. None of

hese patients showed a statistically significant variation of
orward sperm motility between T0 and T�6.

No statistically significant variation was observed in sem-
nal carnitine concentration and LPOp between T0 and T�6.

DISCUSSION
Free L-carnitine is much more concentrated at the epidid-

mal level than in blood. In the epididymis, free L-carnitine
s transported from blood plasma into the epididymal fluid
nd spermatozoa and accumulates as both free and acety-
ated L-carnitine. The use of L-carnitine and its acyl deriva-
ives in therapy has been proposed in recent years for treat-
ent of oligoasthenoteratozoospermia of unknown origin. A

umber of controlled and uncontrolled studies seem to indi-
ate their possible application, with the rationale for their
ctions on sperm epididymal maturation and energetic me-
abolism being an intracellular mechanism and that for their
ctions on the testicular-epididymal microenvironment being
n indirect antioxidant action. Even though many positive
esults have been published (9–12), many questions still
emain open.

In our current double-blind, randomized, placebo-con-
rolled trial we have examined some of the questions that
ere raised in our previous article (11): [1] whether com-
ined L-carnitine and acetyl-L-carnitine therapy is effective
n cases of oligoasthenoteratozoospermia; [2] whether the

tment (T0 and T�6) in patients included in the individual
106) and forward motile sperm per ejaculate (n � 106)

Forward motile sperm per ejaculate

Sperm count groups

Time

T0 T�6

�12 � 106 10.7 � 0.8 23.1 � 5.5
�8 � 106 6.3 � 2.1 12.4 � 4.8
�4 � 106 2.7 � 1.6 7.5 � 2.3c,d

�12 � 106 9.3 � 1.3 21.2 � 6.5
�8 � 106 7.1 � 1.2 10.3 � 3.8
�4 � 106 2.5 � 0.8 4.5 � 2.2c,d

nd T�6 in the patient subgroups, with �5 � 106 of total motile sperm per
m per ejaculate at T0 (cP�.043; dP�.028).
trea
n �

T0 a
sper
mprovement in sperm motility is sustained over a longer

Vol. 81, No. 6, June 2004
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herapy period; and finally, [3] whether there is a difference
n response among subgroups of patients.

The wash-out period with two semen analyses before the
tart of therapy minimized the possible effect of spontaneous
ariations in seminal characteristics while allowing evalua-
ion of the therapeutic effect (13), and the two consecutive
emen evaluations at T�6 reduced the possibility of varia-
ions independent of the therapy.

We used a 6-month therapy or placebo period (instead of
he 2 � 2 month therapy/placebo cross-over design with
ash-out periods before and between treatments of the pre-
ious trial) to focus on the possible effect of acetyl and
-carnitine on phases of spermatogenesis, as well as to
nderstand the reasons for a slight increase in sperm con-
entration that was observed elsewhere after 2 months of
-carnitine therapy (11).

No significant variation in sperm concentration was ob-
erved after 3 or 6 months of therapy, thus excluding a direct
ositive effect on the spermatogenic process. The lack of any
hange in sperm morphology (considered the most sensitive
ndex of spermatogenesis) confirms the hypothesis of a post-
esticular effect.

Individual subgroups selected on the basis of the number
f motile spermatozoa indicate that the therapy’s action
ould differ according to the basis of semen characteristics at
he start of treatment.

The positive effect obtained on all sperm variables that
ere also in the placebo group confirms that an important
sychological element exists, even in infertility. This may be
elated to the sensation of being treated and the continuous
vailability of medical staff and counseling. In fact, this
esult could be only in part attributable to the statistical
henomenon of regression to the mean.

The absence of statistically significant differences be-
ween mean values at T�3 and at T�6 demonstrates the
tability of the improvement achieved. This longer treatment
n comparison with our previous trial (11) does not seem to
urther improve these results.

However, differences related to the length of the therapy
eriod were observed in the pregnancies obtained. In fact,
lthough pregnancy was not the principal end point for this
ontrolled study because of the many possible interfering
actors, four patients taking carnitine induced a pregnancy in
heir partner. None of these patients showed a significant
mprovement in sperm parameters. All these pregnancies
ere observed after the 4th month of combined carnitine

reatment. This result suggests that long-term combined car-
itine treatment may improve sperm function and fertiliza-
ion capacity in ways that are not evident from microscopic
nalysis of sperm parameters.

This also seems to be confirmed by the observation that

eminal carnitine concentration and lipid peroxidation po-

ERTILITY & STERILITY�
ential did not show a significant increase during therapy.
ecause carnitine acts at an intracellular level, this suggests
possible molecular and metabolic modification induced by

he therapy directly on the cell gametes.

Apart from the expected action on energy production, we
an hypothesize a specific action on mitochondrial mem-
rane structure and potential intracellular free radical de-
ense mechanisms (DNA structure and chromatin integrity).
ll these possibilities must be investigated in future studies.

The parameter that was expected to undergo the most
mprovement in this study was sperm motility. It was there-
ore very interesting to observe the differences between the
lacebo and therapy groups, which became statistically sig-
ificant when total and forward-motile spermatozoa present
n the ejaculate were analyzed and also when subgroups with
ower initial values for total and forward motility were
onsidered. These last patients could be the highest respond-
rs in terms of motility when high doses of carnitine are
dded to their diet, which would correct the possible bio-
hemical deficiency in their mitochondrial metabolism.

Finally, the pregnancies achieved, together with the im-
rovement in numbers of motile sperm (both total and for-
ard) that was observed in the subgroups with severe asthe-
ozoospermia, could indicate the efficacy of combined
-carnitine and L-acetyl-carnitine treatment on single sperm
ubpopulations present in the semen. The therapy may amplify
nd boost these sperm subpopulations, acting directly on their
aturation and energy metabolism or through an improvement

n the testicular-epididymal microenvironment.

In conclusion, the combined L-carnitine and L-acetyl-
arnitine treatment in a controlled study of efficacy was
ffective in increasing sperm motility, especially in groups
ith lower baseline levels. Further studies should concen-

rate on the sperm-fertilizing ability of patients with very low
umbers of motile sperm who are undergoing assisted re-
roduction. Also needed are biological studies of the effect
f carnitine on the metabolism of the male gamete, using
olecular and cellular studies on single intracellular func-

ions or organelles.
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