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CARNITINE VERSUS ANDROGEN ADMINISTRATION IN THE
TREATMENT OF SEXUAL DYSFUNCTION, DEPRESSED

MOOD, AND FATIGUE ASSOCIATED WITH MALE AGING

G. CAVALLINI, S. CARACCIOLO, G. VITALI, F. MODENINI, AND G. BIAGIOTTI

ABSTRACT
bjectives. To compare testosterone undecanoate versus propionyl-L-carnitine plus acetyl-L-carnitine and
lacebo in the treatment of male aging symptoms.
ethods. A total of 120 patients were randomized into three groups. The mean patient age was 66 years

range 60 to 74). Group 1 was given testosterone undecanoate 160 mg/day, the second group was given
ropionyl-L-carnitine 2 g/day plus acetyl-L-carnitine 2 g/day. The third group was given a placebo (starch).
rugs and placebo were given for 6 months. The assessed variables were total prostate-specific antigen,
rostate volume, peak systolic velocity, end-diastolic velocity, resistive index of cavernosal penile arteries,
octurnal penile tumescence, total and free testosterone, prolactin, luteinizing hormone, International Index
f Erectile Function score, Depression Melancholia Scale score, fatigue scale score, and incidence of side
ffects. The assessment was performed at intervals before, during, and after therapy.
esults. Testosterone and carnitines significantly improved the peak systolic velocity, end-diastolic velocity,
esistive index, nocturnal penile tumescence, International Index of Erectile Function score, Depression
elancholia Scale score, and fatigue scale score. Carnitines proved significantly more active than testos-

erone in improving nocturnal penile tumescence and International Index of Erectile Function score. Testos-
erone significantly increased the prostate volume and free and total testosterone levels and significantly
owered serum luteinizing hormone; carnitines did not. No drug significantly modified prostate-specific
ntigen or prolactin. Carnitines and testosterone proved effective for as long as they were administered, with
uspension provoking a reversal to baseline values. Only the group 1 prostate volume proved significantly
reater than baseline 6 months after testosterone suspension. Placebo administration proved ineffective.
egligible side effects emerged.
onclusions. Testosterone and, especially, carnitines proved to be active drugs for the therapy of symptoms
ssociated with male aging. UROLOGY 63: 641–646, 2004. © 2004 Elsevier Inc.
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he controversial concept that male aging
symptoms might constitute a “male climac-

eric” was suggested in 1939.1 A survey of 1079
en aged 39 to 70 years in the Massachusetts Male
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ging Study revealed that the annual rate of andro-
en reduction was 1.2% for free testosterone, 1%
or albumin-bound testosterone, and 0.4% for total
estosterone.2 Testosterone proved active in the
ypothalamic dopaminergic system,3 testosterone
eceptors were found at the level of striated skeletal
uscles4 and corpus cavernosum,5 and testoster-

ne administration was found to enhance sexual
otency in aged men.6 Androgen decline in the
ging male, partial androgen deficiency of the ag-
ng male, and andropause have been used to define

ale aging symptoms collectively. Exogenous tes-
osterone has been considered its therapy.7

Several aging mechanisms have been proposed to
ate, whose common pathway is the increase in
eactive oxygen species (ROS), membrane damage,

4,8
nd cell death. Propionyl-L-carnitine and acetyl-
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-carnitine proved active for diseases typical of ag-
ng (eg, intermittent claudication and Alzheimer’s
isease) because of their antioxidant activity owing
o a Krebs’ cycle increase.9–11 Testosterone in-
reases the carnitine tissue concentration.11,12 Car-
itines are present in the vast majority of mamma-

ian cells in homeostatic equilibrium, and their
dministration causes minor side effects.11 Thus,
e tested acetyl-L-carnitine/propionyl-L-carnitine

dministration on male aging symptoms.

MATERIAL AND METHODS

The Società Italiana di Studi di Medicina della Riproduzione
thical committee approved this research, and patients were
nformed that they might receive a placebo.

The inclusion criteria7 were as follows: patients older than
0 years whose chief complaints were symptoms within the
orking definition of androgen decline in the aging male pro-
osed by the International Society for the Study of the Aging
ale.7 These symptoms included decreased libido and erectile

uality, depressed mood and intellectual concentration abil-
ty, irritability, fatigue, and free testosterone lower than 6 pg/

L. A total of 224 patients were considered from January 2,
002 to June 30, 2002.
The exclusion criteria7 included lower urinary tract ob-

tructive symptoms, prostate volume greater than 20 cm3 at
uprapubic echography, increased prostate-specific antigen
PSA) level or area suspicious for cancer on prostate digital
ectal examination (27 patients), alcohol or cigarette con-
umption (12 patients), fewer than 6 months after myocardial
nfarction or major surgery (16 patients), diabetes (12 pa-
ients), untreated hypertension, cardiovascular disease (4 pa-
ients), neoplastic disease (2 patients), ongoing psychological/
harmacologic or antineoplastic therapy (3 patients), and

ncreased prolactin serum level (no patients).
We enrolled 150 patients in the study; 20 subjects dropped

ut; and 130 subjects completed the protocol. The patients
ho withdrew were interviewed by telephone to ascertain the

auses. Three patients indicated they did not get any benefit
nd refused to continue, 5 indicated they felt sufficiently bet-
er to discontinue, and 12 patients did not agree with the
esearch because they had been informed they might have
eceived a placebo. Their data were not used.

The patients were randomized into three groups. The first
roup (40 patients, mean age 64 years, range 60 to 72) used
estosterone undecanoate 160 mg/day. The second group (45
atients, mean age 66 years, range 61 to 73) used propionyl-
-carnitine 2 g/day plus acetyl-L-carnitine 2 g/day. The third
roup (45 patients, mean age 63 years, range 61 to 74) re-
eived placebo (one 500-mg starch tablet/day). The drugs and
lacebo were given for 6 months, delivered by nurses unaware
f the randomization group in anonymous color-coded boxes
hose contents were disclosed at the end of the research.

ATA COLLECTION
The medical history was collected and the following vari-

bles were assessed for each patient before, during (3 and 6
onths), and 6 months after therapy: total PSA, prostate vol-

me, peak systolic velocity (PSV), end-diastolic velocity
EDV), resistive index (RI), nocturnal penile tumescence
NPT), total and free testosterone, luteinizing hormone (LH),
nd prolactin.

The total PSA blood concentration was tested with a mono-
lonal antibody automated assay.13 The prostate volume was
valuated with suprapubic echography and the calculation of

13
he three diameters. The PSV, EDV, and RI c

42
RI � (PSV � EDV/EDV) � 100] of the left and right cav-
rnosal arteries were assayed with dynamic echo-color Dopp-
er of the penis after intracavernosal injection of 10 �g pros-
aglandin E1.14

NPT recording was performed with the RigiScan (Dacomed,
inneapolis, Minn). A rigidity increase compared with the

aseline value of greater than 70% at the base of the penis and
reater than 60% at the top and a circumference increase
reater than 2 cm at the top of the penis and greater than 3 cm
t the base was considered a full erection. The total duration in
inutes of a 3-night full erection recording period was record-

d.14

Blood samples for total (normal range 8.4 to 28.7 nmol/L)
nd free (normal range 8.7 to 54.7 pg/mL) testosterone, LH,
nd prolactin were drawn from each patient between 8:00 and
:30 AM (90 to 120 minutes after the morning drug adminis-
ration). Total testosterone was measured by recombinant im-
unoassay after extraction and celite chromatography. The

ntra-assay and interassay coefficient of variation was 6% and
3.5%, respectively. The assay does not cross-react with meth-
l-testosterone. Free testosterone was calculated as the prod-
ct of the total and percentage of dialyzable free testoster-
ne.15 The intra-assay and interassay coefficient of variation
as 5% and 6.6%, respectively. The reagents were from Diag-
ostic Products (Los Angeles, Calif).
Sexual function was assessed with the five domains version

f the International Index of Erectile Function (IIEF-15)16:
rectile function (items 1 to 5 and 16), sexual intercourse
atisfaction (items 6 to 8), orgasm (items 9 to 10), sexual
esire (items 11 and 12), and general sexual well-being (items
3 and 14). The men’s mood level was assessed with the Ham-
lton Depression and Melancholia Scale17 and fatigue with a
atigue scale.18 The score for each patient was calculated.

At each data collection, the patients underwent psychosex-
al counseling and digital rectal examination of the prostate.

TATISTICAL ANALYSIS
PSA, prostate volume, PSV, EDV, RI, NPT, total and free

estosterone, prolactin, and LH data were compared within
roups by randomized block (1 patient � 1 block) analysis of
ariance and among the groups by analysis of variance. Natu-
al data were used, with the exception of RI whose data were
ransformed (sine�1 �p/100, where p is percent value). Psy-
hometric tests and fatigue scale scores were compared within
nd among the groups by the Friedman test. Side effects were
ompared with chi-square test.19

RESULTS

The results are presented in Table I. No statisti-
ally significant differences were observed in the
ean age or baseline values in each patient group.

t could be argued that the outcomes were not in-
uenced by these variables. Placebo administra-
ion did not lead to any statistically significant dif-
erences.

Drug administration did not modify the PSA
evel significantly. Group 1 displayed a statistically
ignificant increase in prostate volume at 3 months
F � 11.2; P �0.01) and 6 months (F � 9.4; P
001). Six months after suspension, the prostate

olume had diminished significantly (F � 12.455;
�0.01), but was significantly greater (F � 4.732;
�0.05) than baseline. Group 2 did not show any
hanges in prostate volume (F �1).

UROLOGY 63 (4), 2004



TABLE I. Results of assessed variables in three groups*

Variable

Before Therapy During Therapy (3 mo) End of Therapy (6 mo) 6 mo After Therapy

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3

PSA (ng/mL) 2.0 � 0.7 2.4 � 0.9 1.8 � 0.8 2.0 � 0.8 2.2 � 0.7 1.8 � 0.8 2.0 � 0.9 2.3 � 0.8 1.8 � 0.8 2.0 � 0.7 2.2 � 0.9 2.0 � 0.9
PV (cm3) 15.3 � 2.8 15.2 � 2.7 15.6 � 3.2 18.9 � 3.0 14.5 � 2.6 15.5 � 3.4 25.4 � 2.6 15.1 � 3.1 15.6 � 3.3 18.4 � 2.8 15.1 � 3.1 15.6 � 3.3
PSV (cm/s) 30.2 � 3.8 30.8 � 4.2 30.7 � 3.7 35.9 � 3.2 38.9 � 3.1 31.9 � 3.2 36.7 � 4.3 39.9 � 5.0 31.8 � 4.7 31.7 � 5.3 31.9 � 4.0 31.8 � 6.7
EDV (cm/s) 14.1 � 5.1 13.7 � 6.3 14.0 � 5.6 6.8 � 3.6 5.0 � 3.8 13.8 � 3.6 6.5 � 3.7 4.7 � 4.0 12.7 � 4.2 13.9 � 4.2 13.1 � 5.9 13.7 � 6.0
RI (%) 46.9 � 4.3 48.2 � 4.4 47.5 � 5.2 64.2 � 4.3 69.0 � 5.2 51.4 � 4.3 65.2 � 4.5 70.0 � 4.5 51.9 � 4.7 46.7 � 6.2 48.3 � 5.9 49.0 � 7.0
NPT (min) 83 � 19 83 � 18 83 � 21 123 � 21 156 � 16 86 � 21 120 � 26 158 � 28 88 � 23 87 � 21 85 � 23 87 � 19
TT (nmol/L) 9.89 � 1.84 10.83 � 1.86 10.53 � 2.11 11.28 � 1.61 10.76 � 2.12 11.27 � 2.11 13.96 � 2.81 11.96 � 2.66 10.26 � 2.28 10.00 � 2.21 10.66 � 1.75 10.42 � 1.93
FT (pg/mL) 4.4 � 0.8 4.9 � 0.9 4.2 � 0.6 22.5 � 4.2 4.7 � 1.0 4.2 � 0.7 23.7 � 4.0 4.7 � 0.8 4.1 � 0.7 4.2 � 0.7 4.5 � 0.6 4.7 � 0.5
LH (IU/L) 8.8 � 0.6 8.4 � 0.8 8.5 � 0.6 4.3 � 0.6 8.5 � 0.8 8.6 � 0.6 4.2 � 1.2 8.5 � 0.6 8.7 � 0.4 8.6 � 0.8 9.0 � 0.7 8.9 � 0.5
PRL (�g/mL) 7.6 � 1.9 7.4 � 1.9 7.5 � 2.1 7.7 � 1.5 7.4 � 1.6 7.3 � 1.7 7.4 � 1.6 7.7 � 1.6 7.3 � 1.7 7.7 � 1.6 7.8 � 1.2 7.9 � 1.1
IIEF-15

domain
score

Erectile
function

8 (5–19) 8 (5–22) 8 (5–21) 15 (6–23) 18 (7–28) 9 (6–22) 16 (6–29) 24 (8–29) 9 (6–22) 8 (5–18) 8 (5–22) 9 (6–22)

Sexual
intercourse
satisfaction

4 (3–6) 4 (3–7) 4 (2–5) 5 (4–6) 5 (4–7) 4 (3–6) 5 (3–10) 6 (3–10) 4 (3–5) 4 (3–6) 4 (3–7) 4 (3–5)

Orgasm 3 (1–5) 3 (2–6) 3 (2–4) 4 (3–6) 5 (3–8) 3 (2–5) 4 (3–9) 7 (3–10) 3 (2–4) 3 (1–5) 3 (2–6) 3 (2–4)
Sexual

desire
4 (3–6) 4 (3–5) 3 (3–5) 6 (4–7) 6 (4–8) 3 (3–5) 7 (6–9) 7 (4–10) 3 (3–5) 4 (3–5) 4 (3–5) 4 (3–5)

General
sexual
well-being

3 (2–4) 3 (2–4) 3 (2–4) 4 (2–6) 5 (3–7) 3 (2–4) 4 (2–9) 6 (4–10) 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–4)

DMSIII score 7 (5–8) 7 (5–8) 7 (5–8) 5 (3–6) 3 (2–6) 7 (5–8) 5 (3–6) 3 (2–6) 7 (5–8) 7 (4–9) 7 (4–9) 7 (4–9)
FS score 3 (1–6) 3 (1–5) 3 (1–4) 0 (0–3) 1 (0–4) 3 (2–5) 1 (0–4) 0 (0–2) 3 (2–5) 3 (1–6) 3 (1–5) 3 (1–4)

KEY: PSA � prostate-specific antigen; PV � prostate volume; PSV � peak systolic velocity; EDV � end-diastolic velocity; RI � resistive index (of right cavernosal artery); NPT � nocturnal penile tumescence (3-night full erection duration); TT � total
testosterone; FT � free testosterone; LH � luteinizing hormone; PRL � prolactin; IIEF-15 � International Index of Erectile Function; DMSIII � Hamilton Depression and Melancholia Scale; FS � fatigue scale.
Data presented as mean � SD, with exception of IIEF, DMSIII, and FS scores, which are presented as median, with the range in parentheses.
Data used were natural, with exception of RI, which used angular transformed data.
* Group 1, testosterone undecanoate (160 mg/day); group 2, propionyl-L-carnitine 2 g/day plus acetyl-L-carnitine 2 g/day; and group 3, placebo.
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Testosterone and carnitine suspension provoked
return to baseline of the group 1 and 2 variables

hat had been significantly modified during ther-
py. Only the right cavernosal artery data are pre-
ented, because the left cavernosal artery data
roved similar. Group 1 had a statistically signifi-
ant increase in PSV and RI and a statistically sig-
ificant decrease in EDV at 3 months (F � 11.342,

� 15.226, and F � 14.120, respectively; P
0.01) but not at 6 months (F �1, F � 1.149, and
� 1.123, respectively). Group 2 had similar re-

ults. No statistically significant differences oc-
urred between 3 or 6 months in groups 1 and 2 (F

1.089 and F � 1.119, respectively).
Carnitine and testosterone administration pro-

uced a statistically significant increase in NPT at 3
onths (F � 19.050 and F � 12.381, respectively;
�0.01), which were not significantly different at
months (F �1). The 3-month and 6-month car-
itine NPT periods proved significantly longer
han those after administration of testosterone (F

8.210 and F � 7.550, respectively; P �0.01).
Carnitines did not significantly modify the hor-
onal levels (F �1). Oral testosterone induced a

tatistically significant increase in the total and free
estosterone concentration at 3 months (F �
67.14, P �0.01, and F � 4.566, P �0.05, respec-
ively) but not at 6 months (F �1 and F � 1.550,
espectively). It also induced a statistically signifi-
ant decrease in the LH serum concentration at 3
onths (F � 229.37, P �0.01) but not at 6 months

F �1). Testosterone administration did not mod-
fy the prolactin concentration significantly (F

1).
In group 1, the erectile function and sexual de-

ire IIEF-15 domain scores were significantly in-
reased at 3 months (q � 21.18 and q � 19.27,
espectively; P �0.01), with the former increased
ignificantly at 6 months (q � 23.71; P �0.01) and
he latter not (q � 2.45). Sexual intercourse satis-
action had increased significantly at 6 months (q

19.23; P �0.01) but not at 3 months (q � 3.29).
he general sexual well-being and orgasm domain
hanges were never statistically significant (q �
.19, q � 2.17, q � 1.81, q � 2.21, respectively).
In group 2, IIEF-15 erectile function, orgasm,

exual desire, and general sexual well-being do-
ain scores had significantly increased at 3
onths (q � 29.17, q � 19.02, q � 21.01, q �

0.19, respectively; P �0.01). Erectile function
nd orgasm had increased significantly at 6 months
q � 29.11 and q � 19.11, respectively; P �0.01),
ut sexual desire and general well-being did not (q

2.02 and q � 2.90, respectively). Sexual inter-
ourse satisfaction had significantly increased at 6
onths (q � 19.02; P �0.01) but not at 3 months

q � 2.18; P � not significant). The following car-

itine scores were significantly greater than the p

44
estosterone scores: the 3-month (q � 14.56; P
0.05) and 6-month (q � 22.19; P �0.01) erectile

unction domain; the 6-month orgasm domain (q
18.53; P �0.01); and the 6-month general sex-

al well-being domain (q � 19.54; P �0.01). The
ther IIEF-15 scores were not significantly differ-
nt from those with testosterone administration.
arnitine and testosterone administration signifi-
antly lowered the Hamilton Depression and Mel-
ncholia Scale score at 3 months (q � 37.547 and q

18.001, respectively; P �0.01) but not at 6
onths (q � 1.131 and q � 2.765, respectively).
he 3-month and 6-month carnitine Hamilton De-
ression and Melancholia Scale score proved sig-
ificantly lower than the score with testosterone (q

27.115 and q � 29.231, respectively; P �0.01).
estosterone and carnitine administration signifi-
antly diminished the fatigue scale score at 3
onths (q � 33.440 and q � 53.806, respectively;
�0.01) and 6 months (q � 41.390 and q �

4.310, respectively). No statistically significant
ifferences emerged between the group 1 and 2
cores (q � 2.112 and q � 2.119).
The psychometric test and fatigue scale data
ere confirmed by psychosexual counseling ses-

ions.
The occurrence of side effects proved negligible
ith no statistically significant differences found

mong the three patient groups. In no patient was
herapy suspended. One group 1 patient and one
roup 3 patient reported mild epigastralgia, and
ne group 2 patient reported mild headache (chi-
quare �1).

COMMENT

Vitamin E, tocopherol, glutathione (conven-
ional anti-ROS drugs) interact directly with the
ubstrate and decrease ROS independent of their
oncentration.20 Carnitines restore the ROS phys-
ologic concentration by acting on the Krebs cy-
le.10,11 ROS are physiologic substances whose
oncentration is critical to preserving membrane
lasticity.11 Increased ROS have been found in Pey-
onie’s disease21 and in idiopathic22 and postin-
ammatory23 male oligoasthenospermia. “Con-
entional” anti-ROS were ineffective in these cases,
nd carnitine administration proved active. Their
ifferent mechanisms of action may explain the
ifferences in effectiveness.21–23 Aged men display
ncreased ROS, but conventional anti-ROS are con-
idered inactive in androgen decline in treating the
ging male symptoms.8 Carnitines have not been
sed until now.
The data of the patients who withdrew from the

tudy were excluded, even though it is customary
o include them (intention to treat analysis), be-
ause inclusion would have impaired the control of

24
opulation heterogeneity, which requires the pa-

UROLOGY 63 (4), 2004
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ients to be the same in the examined classes to use
andomized block analysis of variance.19 A survey
ndicated that inclusion of the “drop-out” data did
ot modify the statistical significance of the out-
omes. A standard questionnaire for aging men
as not used, because we preferred to discriminate

he best drug activities on the different symptoms
f aging. We adopted the five domain version of the
IEF-15 questionnaire for the same reason.
Among the different types of testosterone prepa-

ations, testosterone undecanoate was preferred
ccording to published reports.6,7 The carnitine
nd testosterone doses were selected from prelim-
nary assessments using 1, 2, and 3 g/day for each
arnitine and 80, 120, 160, and 200 mg/day for
estosterone. In these studies, 2 g/day of each car-
itine and 160 mg/day of testosterone was as effec-
ive as 3 g/day and 200 mg/day, respectively, but
ere expected to induce fewer side effects. These
oses proved consistent with published re-
orts6,7,9,10 and the manufacturers’ instructions.
Baseline PSA and prostate volume were not sig-

ificantly modified by the carnitine administra-
ion. Testosterone administration significantly in-
reased the prostate volume (but not the PSA level)
o more than 20 cm3 at 6 months, confirming pub-
ished reports.8,14 Thus, the study was terminated,
ven though no patient displayed any prostatic
ymptoms. The group 1 prostate volume had not
everted to baseline 6 months after testosterone
uspension, even though the mean volume became
ess than 20 cm3. No area suspicious for cancer was
ound by digital rectal examination. As of June 15,
003, the prostate volume had not decreased fur-
her. The PSA value did not increase nor was an
rea suspicious for cancer found at digital rectal
xamination.
Testosterone and carnitines (but not placebo) in-

reased the PSV and RI equally and lowered the EDV
f the cavernosal arteries. Testosterone improved
exual potency and echo-color Doppler spectral
races and proved active in the nitric oxide endothe-
ial and neuronal penile system, with a positive rela-
ionship between the severity of erectile failure and
he amount of androgen deficiency.25,26 The mecha-
ism by which testosterone administration lowers
he EDV is unknown. Increased PSV lowered the
DV, spreading albuginea, and thus enhancing its
cclusive mechanism on the sinusoidal emissary
eins.8,14 Direct testosterone activity on albuginea
annot be ruled out, because receptors were found in
he corpus cavernosum and apoptosis and vascular
nd tissue degeneration are patterns of testosterone
eficiency.5 Propionyl-L-carnitine has been regis-
ered in Italy for intermittent claudication. Circula-
ion was improved using an endothelial-dependent
ubstance (probably prostaglandin E1), with a detect-

ble modification on echo-color Doppler examina- e

ROLOGY 63 (4), 2004
ion of lower limb vessels.9 Again, the mechanism by
hich carnitines lower EDV is obscure. Increased
SV may be a satellite effect, but a direct effect on
lbuginea cannot be ruled out. Aged men substitute
lastic and muscular tissue with collagen in Buck’s
ascia and on the sinusoid wall,14,27 thus resembling a
egenerative disease. Carnitines proved active in a
ariety of degenerative diseases.9–11

Testosterone and carnitines increased the IIEF-15
core and NPT significantly, consistent with arterial
ata. Carnitines proved significantly more active than
estosterone in both cases, even if the echo-color
oppler traces proved similar to those after testoster-
ne administration. NPT is currently recorded by
easuring the penile increase in diameter and the

adial rigidity with the RigiScan. A depressed mood
egatively influenced NPT quality, and successful an-
idepressant therapy restored NPT.28 We enrolled
en whose depressed mood improved during the

ourse of therapy to a greater extent using carnitines
han testosterone, thereby explaining the greater ac-
ivity of carnitines on NPT and the IIEF-15 score.
sychosexual counseling sessions confirmed the psy-
hometric testing results. Testosterone receptors
ave been found on the third ventricle floor, the pre-
ptic area-anterior hypothalamus, and the amygdala,
reas deemed to control sexual and emotional behav-
or and to influence the paleocortex directly or indi-
ectly by the ascending reticular system.29 Acetyl-L-
arnitine has been shown to preserve the lipid
tructure of the neuronal membranes and improve
he nerve conduction velocity to the extent of restor-
ng electroencephalographic theta waves and increas-
ng cognitive abilities in early Alzheimer’s disease.10

The fatigue scale score was equally increased by
estosterone and carnitines. Testosterone receptors
ave been proved to exist within skeletal muscle
ell cytosol, which increases DNA and protein syn-
hesis and respiration.4 Carnitines boost the in-
rease and transport of acetyl groups, thereby en-
ancing Krebs cycle and aerobic metabolism.11

Testosterone administration significantly in-
reased free and total testosterone levels and signifi-
antly lowered LH; it did not affect the prolactin con-
entration. These observations are consistent with
hose of published reports6,7 and offer evidence that
ale aging symptoms are linked to blood androgen

oncentrations and that androgen supplementation
ight be a successful therapy. In contrast, carnitines

id not significantly modify these hormone concen-
rations but proved even more active than testoster-
ne.
Male and female sex hormones increase L-carni-

ine levels, carnitine-acetyl-transferase activity in
issues, the synthesis of transcription rates, and the
ctivities of mitochondrial carnitine palmitoil-
ransferases and octanoic-transferases,30 thereby

xplaining the carnitine activity in hypogonadal
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ged men. In humans and experimental models,
arnitines have several activities that might influ-
nce aging. Fatty acid peroxidation proved de-
leted, and carnitines restored the phospholipid
omposition of mitochondrial membranes and en-
anced the cellular energetics in mitochondria, in-
reasing cytoplasmic acetyl-coenzyme A concen-
rations through the higher availability of acetyl
roups. In addition, carnitines stabilized cell mem-
rane fluidity by regulating phospholipid levels
nd reduced ceramide production and insulin-like
rowth factor, preventing cellular death and apo-
tosis.11

Carnitines had more positive effects than testos-
erone on NPT, the IIEF-15 erectile function, or-
asm, and sexual general well-being domains, and
he Hamilton Depression and Melancholia Scale
core (ie, in improving erection quality, sexual life,
nd mood level) in hypogonadal aging men, with-
ut increasing hormonal levels. These findings
ean that even though the carnitine tissue concen-

ration might also be influenced by sex hormones,
he positive activity of carnitine on some male ag-
ng symptoms is not strictly linked to sex hormone
lood levels. Therefore, at least one side effect of
estosterone administration (ie, prostate enlarge-
ent) will be avoided by carnitine administration.
ur final concern is to not focus solely on andro-

enic supplementation for male aging therapy, be-
ause the results of this study demonstrated that
lternative drugs might prove effective.
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