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Effect of L-Carnitine on Human Immunodeficiency Virus-1
Infection-Associated Apoptosis: A Pilot Study

By Sonia Moretti, Edoardo Alesse, Luisa Di Marzio, Francesca Zazzeroni, Barbara Ruggeri, Sonia Marcellini,

Giuseppe Famularo, Seth M. Steinberg, Antonio Boschini, M. Grazia Cifone, and Claudio De Simone

The Fas/Fas ligand system is involved in uncontrolled apop-

tosis, which ultimately leads to the loss of T lymphocytes in

human immunodeficiency virus (HIV)-infected individuals.

The signal transduced by Fas receptor involves the activa-

tion of an acidic sphingomyelinase, sphingomyelin break-

down, and ceramide production. Our recent reports have

shown that L-carnitine inhibits Fas-induced apoptosis and

ceramide production both in vitro and in vivo. The aim of this

study was to study, in a preliminary fashion, the impact of

long-term L-carnitine administration on CD4 and CD8 abso-

lute counts, rate, and apoptosis in HIV-1–infected subjects.

The generation of cell-associated ceramide and HIV-1 vire-

mia was also investigated. Eleven, asymptomatic, HIV-1–

infected subjects, who refused any antiretroviral treatment

despite experiencing a progressive decline of CD4 counts,

were treated with daily infusions of L-carnitine (6 g) for 4

months. Immunologic and virologic measures and safety

were monitored at the start of the treatment and then on

days 15, 30, 90, and 150. L-carnitine therapy resulted in an

increase of absolute CD4 counts, which was statistically

significant on day 90 and 150 (P 5 .010 and P 5 .019,

respectively). A positive, not significant trend was also

observed even in the change in absolute counts of CD8

lymphocytes. L-carnitine therapy also led to a drop in the

frequency of apoptotic CD4 and CD8 lymphocytes. This

reduction occurred gradually, but changes in actual values

between each time point and baseline were strongly signifi-

cant (P 5 .001 at the end of the study compared with the

baseline). A strong reduction (P 5 .001) in cell-associated

ceramide levels was found at the end of the study. In general,

HIV-1 viremia increased slightly. No toxicity related to L-

carnitine therapy was observed and dose reductions were

not necessary. In HIV-1–infected subjects, long-term infu-

sions of L-carnitine produced substantial increases in the

rate and absolute counts of CD4 and, to a lesser degree, of

CD8 lymphocytes. This was paralleled by a reduced fre-

quency of apoptotic cells of both subgroups and a decline in

the levels of ceramide. No clinically relevant change of HIV-1

viremia was observed.

r 1998 by The American Society of Hematology.

L YMPHOCYTES FROM subjects infected with the human
immunodeficiency virus type 1 (HIV-1) undergo an

inappropriate programmed cell death (apoptosis), a major
mechanism for the decline of CD4 and CD8 cells that is crucial
to the progression towards the overt acquired immunodefi-
ciency syndrome (AIDS).1-8 Indeed, lymphocyte apoptosis
correlates with disease progression and lower CD4 counts: a
high degree of apoptosis has been detected in patients with
AIDS in comparison with long-term nonprogressors.1-8

Recent studies have provided evidence that the Fas-Fas
ligand (FasL) system is involved in the molecular mechanism of
T-cell depletion in HIV-1 infection and AIDS.9-12 Thus, viral
gene products, such as gp120 and HIV-1 Tat, have been shown
to greatly accelerate apoptotic death in T lymphocytes after the
T-cell receptor triggering that is mediated via the Fas-FasL
interaction. Furthermore, an increased expression of Fas on
peripheral T cells from patients with HIV-1 infection has been
found that correlates with disease progression, CD4 cell deple-
tion, and a strong increase in sensitivity of patient T cells for
Fas-mediated apoptosis ex vivo.9-12 The apoptotic signal trans-
duced by Fas receptor involves the activation of an acidic
sphingomyelinase, sphingomyelin breakdown, and ceramide
production.13,14 Ceramide acts as an endogenous mediator of
apoptosis in several cell lines13-17 and also enhances HIV-1
replication.18,19 Patients with AIDS have significantly higher
lymphocyte-associated ceramide levels than healthy individuals
and HIV-1–infected long-term nonprogressors have less ele-
vated lymphocyte-associated ceramide levels than subjects with
evolving disease.8,20,21Remarkably, this is paralleled by a lower
frequency of apoptotic CD4 and CD8 cells in long-term
nonprogressors than in patients with AIDS.8,21

In a preliminary, clinical study, short-term treatment of AIDS
patients with L-carnitine resulted in a substantial reduction in
the frequency of apoptotic CD4 and CD8 cells, paralleled by
reduced levels of cell-associated ceramide.22 Of note, L-

carnitine did not seem to influence viral replication directly
(H. Mitsuya, NCI, personal communication, May 1995). These
in vivo results were supported by in vitro studies. In fact,
experiments conducted using the Fas-sensitive HuT78 and
U937 cell lines have shown that L-carnitine inhibits both
apoptosis and ceramide production triggered by Fas cross-
linking, and this appears to involve the inhibition of an acidic
sphingomyelinase.23 By contrast, the activity of a Fas-activated
neutral sphingomyelinase, which does not seem to be impli-
cated in the generation of ceramide, relevant to Fas-induced
apoptosis, is not significantly influenced by L-carnitine.23

Taking everything into consideration, it is reasonable to
deduce that therapies directed at downmodulating the genera-
tion of ceramide may slow the progression of HIV-1 infection
by reducing apoptotic lymphocyte death, even if unable to affect
viral replication directly.

This background prompted us to investigate the impact of
long-term treatment, with a highly purified L-carnitine prepara-
tion, on absolute counts, rate, and apoptosis in both CD4 and
CD8 lymphocytes, ceramide generation, and HIV-1 viremia. To
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perform this pilot trial, we enrolled HIV-infected individuals
who fulfilled the following eligibility criteria: (1) each subject
had to be living in the community of San Patrignano,24 which is
devoted to the rescue of drug addicts and, (2) each individual
had rejected the opportunity of antiretroviral treatment despite
experiencing a progressive decline in CD4 cell counts.

MATERIALS AND METHODS

Study site. San Patrignano is a private residential community for
the rehabilitation of drug users, located in northern Italy (Corione,
Rimini, Italy24). The San Patrignano Community was established in
1979 for individuals wishing to undergo rehabilitation. The physical
property, extending for 1,000 acres, consists of several residential
buildings and extensive pastural and agricultural lands. Treatment,
which is free of charge, lasts for a mean time of 3 years. The community
rules prohibit the use of illicit or psychotropic drugs; most all of the
guests (.95%) are smokers, with a maximum of 10 cigarettes a day
allowed. A maximum amount of one glass of wine a meal was also
allowed. To ensure abstinence from drug use, guests are not allowed to
leave the community during the first year of residency. Since 1980 more
than 10,000 drug addicts have been treated, 2,200 with HIV infection.

Study population. In accordance with the San Patrignano Medical
Center protocol, all newly entering drug users undergo the following
examinations: physical examination, chest x-ray, electrocardiogram,
intradermal purified proteic derivative from M. tuberculosis (PPD; 5
IU), delayed skin tests (multitest Merieux), and routine blood analyses,
including serology for HIV, hepatitis B virus (HBV), hepatitis C virus
(HCV), and syphilis. HIV-infected individuals are further investigated
for lymphocyte subsets, serology for human T-cell lymphotropic virus
type I (HTLV-I), Toxoplasma gondii, and cytomegalovirus; abdominal
echography is also performed. At least once a year, a serum and plasma
sample from each guest is obtained and stored, respectively at220°C
and280°C.

For any type of medical problem, guests were sent to the Community
Medical Center, which includes an out-patient facility, a day-hospital
unit (16 beds), and a 36-bed ward. Chemoprophylaxis for HIV-1–
related opportunistic infections is administered after standard criteria.
In autumn, influenza vaccination is offered to all guests, with a mean
adhesion rate of 50%. Antiretroviral therapy is offered according to the
National Institutes of Health guidelines.

Patients and L-carnitine treatment.Eleven, asymptomatic, HIV-1–
infected, male subjects living in the Community of San Patrignano
(mean age, 336 6.1 years; range, 27 to 43; mean CD4 cell counts,
3056 133 cells/mL; range, 61 to 558) gave written informed consent to
participate in this pilot study. The study design was approved by the
Internal Ethical Committee of S. Patrignano taking into account that the
compound is freely available in Italy and had no untoward effects. The
patients were chosen among those with CD4 lymphocyte counts
between 200 to 500/µL; those with CD4.500 were not considered
because they were stable; those with CD4,200 were not considered
because they were rapid progressors. The patients had been staying a
mean of 516 4 months (range, 19 to 96) at the Community of San
Patrignano24 and had stable CD4 counts until when, over the last 12
months of follow-up, progressively declining counts were shown.
Despite this, all patients freely refused to undergo antiretroviral therapy
with zidovudine and/or didanosine and were selected on their willing-
ness to be treated with L-carnitine. Obviously, it was made clear to the
patients that L-carnitine treatment did not take the place of antiretroviral
therapy. All subjects had stable body weight, or maintained their weight
within a 10% variation range during the last 3 months and had albumin
levels above 4 g/dL and total carnitine levels comparable to those in
healthy individuals. None had persistent or severe diarrhea in the
previous 3 months and nutritional support was not requested. None of
these subjects had clinical or laboratory evidence of kidney dysfunction

and the Karnofsky score was.90 in all subjects. Notably, all of the
individuals were HCV positive, with the exception of patients no. 6684
(HBV positive) and 6457 (negative). Patient no. 6438 was both HBV
and HCV positive and patients no. 6466 and 2000 had a past episode of
Herpes zoster infection.

The patients were administered 6 g/day highly purified L-carnitine
(Carnitor, Sigma Tau, Pomezia, Italy), intravenously, in normal saline
over a 2-hour period each day for 4 months. During the trial of
L-carnitine therapy, a complete physical examination was performed
and both blood counts and a biochemical profile were obtained at
baseline and then regularly each week throughout the entire study
period. No opportunistic infection intercurred during the present trial.
Patients were ranked on the Karnofsky performance score by the same
investigator on each visit over the course of the trial. To evaluate the
frequency of apoptotic CD4 and CD8 cells and the levels of peripheral
blood mononuclear cell (PBMC)-associated ceramide, blood samples
were taken at baseline (T0), on day 15 (T1), on day 30 (T2), on day 90
(T3), and on day 150 (T4). HIV-1 viremia was measured at T0 and T4.
Blood samples were taken at least 18 hours after the previous infusion
of L-carnitine taking into account that the half-life of L-carnitine after
intravenous infusion is less than 1 hour and that plasma concentrations
return to base level within 10 hours.25

PBMC isolation. PBMCs were separated from heparinized periph-
eral blood by Lymphoprep gradient centrifugation (Nicodem, Oslo,
Norway), washed twice with phosphate-buffered saline (PBS), incu-
bated for 8 hours in RPMI 1640 supplemented with 5% fetal calf serum
(FCS), L-glutamine, HEPES, and antibiotics at 37°C, and then used for
cytofluorometric analysis of phenotype and apoptosis and extracted for
ceramide level determination.

Phenotypic analysis of apoptotic cells.The absolute counts of cells
bearing the CD4 or CD8 phenotype were determined by flow cytometry.
In brief, PBMCs were stained with an anti-CD4 and an anti-CD8
monoclonal antibody labeled with fluorescein, according to the manu-
facturer’s instructions (Becton Dickinson Immunocytometry Systems
[BDIS], San Jose, CA).

Quantification and phenotypic analysis of apoptotic cells in lympho-
cytes was performed by staining apoptotic cells with 7-amino-
actinomycin D (7-AAD) (Sigma Chemical Co, St Louis, MO) as
prevously described.26 This method discriminated between early and
late apoptotic cells, evaluating the increase of 7-AAD fluorescence of
apoptotic cells due to the alteration of their membrane permeability.
Briefly, for the staining of apoptotic and dead cells, PBMCs were
incubated with 20 µg/mL of 7-AAD in 100 µL of PBS (without Ca21

and Mg21, Irvine, Santa Ana, CA) containing 2% newborn calf serum
(Irvine) and 0.1% sodium azide (Sigma) (PBSAz) for 20 minutes at 4°C
protected from light; the cells were then analyzed in their staining
solution by flow cytometry analysis. For staining of surface antigens, 10
µL of each anti-CD4 and anti-CD8 fluorescein isothiocyanate (FITC)
monoclonal antibodies (Becton Dickinson) in 100 µL of PBSAz were
added to 13 106 cells followed by incubation for 15 minutes at 4°C. For
determination of background staining, cells were incubated with 10 µL
each of mouse IgG1 FITC (Becton Dickinson). After one wash with 2
mL of PBSAz, the supernatant was removed and the cell pellet was
resuspended in 1 mL of PBSAz. The spectral properties of 7-AAD allow
the staining of apoptotic cells by fluorescence emission in the red
channel FL-3 (650 nm, wavelenght, 850 nm) and the easily and
simultaneous labeling of cell surface antigens (FL1 and FL2).

Identification of apoptotic cells was assessed also by considering
scatter characteristics, based on the evidence that apoptotic cells can
easily be distinguished from viable cells via measurement of forward
scatter (FSC) and side scatter (SSC) light parameters, which are
proportional, respectively, to cell diameter and internal granularity.27

Indeed, while living cells display relatively high FSC/low SSC proper-
ties, cells undergoing programmed cell death shift to a lower FSC/
higher SSC compartment, consistent with the cellular changes occur-
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ring during apoptosis (reduction of cell size and cytoplasmic volume
and chromatin condensation).27,28

Ceramide measurement (diacylglycerol kinase assay).PBMCs (23

106 cells), isolated as above, were pelleted and resuspended in ice cold
methanol:chloroform:water (2.5:1.25:1). Incubation was stopped by
immersion of samples in methanol/dry ice (270°C) for 10 seconds
followed by centrifugation at 4°C in a microfuge. Lipids were extracted
and then incubated withEscherichia colidiacylglycerol (DAG) kinase
(DAG kinase assay kit and32P-adenosine triphosphate [ATP]g [specific
activity 3 Ci/mmol/L], from Amersham, Buckinghamshire, UK). Ce-
ramide phosphate was then isolated by thin layer chromatography using
CHCl3/CH3OH/CH3COOH (65/15/5, vol/vol/vol) as solvent. Authentic
ceramide (type III; from bovine brain; Sigma) was identified by
autoradiography at retention factor (Rf ) 0.25. Specific radioactivity of
ceramide-1–phosphate was determined by scintillation counting of
corresponding spots scraped off the gel. Quantitative results for
ceramide production were obtained from comparing the experimental
values with a linear curve of the ceramide standards and are expressed
as pmoles of ceramide-1–phosphate/106 cells.

Plasma polymerase chain reaction (PCR) for HIV-1 RNA determina-
tion. Peripheral blood was collected from each subject in tubes
containing acid-citrate dextrose and processed within 6 hours. Plasma
was separated from whole blood by centrifugation and stored in liquid
nitrogen. We used 200 µL of plasma to estimate the HIV-1 RNA copies
per milliliter. The application of quantitative PCR was performed using
the Amplicor detection system (Roche, Branchburg, NJ) and the gene
AMP 9600 thermal cycler (Perkin Elmer, Norwalk, CT). Shortly, the
HIV-1 RNA was extracted from each sample using guanidinium,
reverse transcribed, and amplified by recombinant thermus thermophi-
lus (rTth) DNA polymerase and detected using a method based on
changes in optical density produced by reactions mediated by horserad-
ish peroxidase. A noncompetitive, internal control was introduced to
monitor sample and reaction interference.

Statistical analysis. For each of the several parameters of interest,
differences were calculated from each later time point and T0, and these
differences tested against a null hypothesis of no change by using the
Wilcoxon signed rank test; individual two-tailedP values are reported
and the Hochberg adjustment for multiple comparisons was also used to
correct for analysis of four changes from baseline for each parameter.29

For HIV-1 viremia, the logs of the ratios of values at T0 and T4 were
tested using the Wilcoxon signed rank test. Spearman rank correlation
was performed between ceramide levels and apoptotic CD4 and CD8
cells on each of the time points throughout the study period.

RESULTS

CD4 counts. The absolute CD4 cell counts increased
during the period when L-carnitine was administered (Table 1).
There was a significant increase in CD4 counts at T3 and T4
compared with T0 (P 5 .010 andP 5 .019), but a positive trend
was already evident at T1 and T2, even though the differences
were not statistically significant in comparison with the baseline
values (P 5 .56 for T1v T0 andP 5 .52 for T2v T0) (Table 2).
The mean net change from baseline at the end of the study was
an increase of 101.096 114.71 (range,260 to1337 cells/µL).
Two patients had an increase of more than 100%, two patients
more than 50%, and three patients approximately 30% over the
baseline CD4 cell counts. In three patients, the treatment with
L-carnitine did not result in a significant gain of CD4 cells and a
slight decrease was observed at the end of the study compared
with the baseline. However, in one of these subjects, slightly
increased counts were observed at T2 and in another of these
subjects on T3.

CD8 counts. At each time point over the period when
L-carnitine was administered, we observed a trend towards
increased absolute CD8 cell counts, but the impact of L-
carnitine therapy did not result in statistically significant gain
(Table 1). The net change from baseline to the end of the study
was an increase of 164.366 569.18 (range,2372 to11,585
cells/µL). At the end of the study, six patients had increased
counts (range, 154 to 1585) (Table 2). In particular, one patient
had an increase of more than 100%, three patients more than

Table 1. CD4, CD8, and HIV RNA Values at Different Time Points

Variable

Time

Points No. Mean St. Dev. Min Median Max

CD4 T0 11 305.2 139.4 61 331 558

T1 11 317.7 136.3 62 311 504

T2 11 322.0 142.3 100 337 522

T3 11 377.5 154.5 100 390 580

T4 11 406.3 167.9 101 476 670

CD8 T0 11 860.7 353.7 352 844 1,460

T1 11 926.3 392.9 419 918 1,745

T2 11 920.3 425.7 525 737 1,865

T3 11 947.5 405.4 401 922 1,577

T4 11 1,025.1 700.0 395 947 2,887

HIV (log10) T0 11 3.67 0.64 2.60 3.84 4.52

T1 NA

T2 10 3.82 0.72 2.65 4.13 4.52

T3 NA

T4 11 3.89 0.54 2.9 4.07 4.51

T0, baseline; T1, day 15; T2, day 30; T3, day 90; T4, day 150.

Abbreviations: NA, not available; St. Dev., standard deviation.

Table 2. Changes in Actual Values of Immunologic Parameters

Between Time Points Indicated

Variable

Time

Points Mean No. St. Dev. Min Median Max P

CD4 T1-T0 12.55 11 61.03 282 1 118 .56

T2-T0 16.82 11 78.70 2103 34 177 .52

T3-T0 72.27 11 79.52 239 59 221 .01*

T4-T0 101.09 11 114.71 260 106 337 .019

CD8 T1-T0 65.55 11 225.73 2347 96 443 .33

T2-T0 59.55 11 225.17 2238 78 563 .64

T3-T0 86.82 11 244.49 2272 78 570 .28

T4-T0 164.36 11 569.18 2372 117 1585 .76

Apoptotic

CD4 T1-T0 214.04 11 11.81 233.4 212.0 20.2 .0010*

T2-T0 231.24 11 16.10 256.9 235.5 26.0 .0010*

T3-T0 230.73 11 18.02 255.4 233.6 21.3 .0010*

T4-T0 240.45 11 16.35 264.8 242.4 220.1 .0010*

Apoptotic

CD8 T1-T0 25.51 11 5.35 216.5 26.5 1.2 .0137*

T2-T0 212.25 11 7.19 225.2 213.9 20.9 .0010*

T3-T0 210.58 11 9.64 234.1 211.7 1.5 .0029*

T4-T0 222.78 11 9.11 244.7 221.2 29.1 .0010*

Ceramide T1-T0 26.18 11 19.32 256.0 0 17.0 .55

T2-T0 21.55 11 19.82 251.0 21.0 29.0 .85

T3-T0 219.55 10 20.63 264.0 212.0 0.0 .002*

T4-T0 235.8 11 35.27 2109.0 233.0 10.0 .0029*

T0, baseline; T1, day 15; T2, day 30; T3, day 90; T4, day 150.

Abbreviation: St. Dev., standard deviation.

*Significant at .05 level after Hochberg adjustment for multiple

comparison.
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50%, and two patients 30%. The remaining five patients had a
slight decline (range, 123 to 372) compared with the baseline.

Apoptotic CD4 and CD8 cells.The frequency of apoptosis
was investigated using the 7-AAD staining method that allows
the detection of apoptotic cells, which are stained by 7-AAD
because of their altered membrane integrity in contrast to living
cells. Using this method, L-carnitine therapy led to a significant
drop in the frequency of apoptotic CD4 and CD8 lymphocytes
compared with the baseline (Fig 1 and 2, respectively). This
reduction occurred gradually, but changes in actual values

between each time point and T0 were always strongly signifi-
cant (P values were between .001 and .014) (Table 2). The mean
net change from baseline at the end of the study was a reduction
of 40.46 16.35 (range, 20.1 to 64.8) and 22.786 9.11 (range,
9.1 to 44.7) in the percentage of apoptotic CD4 and CD8 cells,
respectively (P , .001 for both subgroups). Representative
cytofluorimetric profiles of these experiments are shown in Fig
3. As expected in control individuals, the majority of CD4 and
CD8 cells were not stained by 7-AAD (Fig 3A). In contrast,
HIV-positive individuals at baseline (T0) had a very high
frequency of CD4 and CD8 cells stained with 7-AAD (ie,
apoptotic cells) (Fig 3B); the L-carnitine treatment (T4) strongly
reduced the frequency of cells stained with 7-AAD to a level
comparable to that found in HIV-negative controls (Fig 3C).

The results of experiments performed by investigating the
FSC/SSC characteristics of CD4 and CD8 cells were compa-
rable to the results obtained by the 7-AAD staining method. In
the representative experiments shown in Fig 4A, both CD4 and
CD8 cells in the HIV-positive donor (T0) shifted to a lower
FSC/higher SSC compartment, indicating that these lympho-
cytes were engaged into the apoptotic pathway, a process that
was not observed in lymphocytes from the control individuals.
The L-carnitine treatment (T4) of HIV-positive patients resulted
to shift both CD4 and CD8 cells to higher FSC/lower SSC

Fig 1. Percentage of CD4 cells undergoing apoptosis before and

after 15, 30, 90, and 150 days of L-carnitine treatment (each patient is

indicated by a code). The apoptotic CD4 cells were analyzed by flow

cytometry after 7-AAD as described in Materials and Methods. (j)

2000; (r) 5419; (m) 5716; (m) 5762; (.) 6438; (r) 6457; (w) 6464; (j)

6466; (d) 6655; (m) 6684; (.) 7173.

Fig 2. Percentage of CD8 cells undergoing apoptosis before and

after L-carnitine treatment (each patient is indicated by a code). The

apoptotic CD8 cells were analyzed by flow cytometry after 7-AAD as

described in Materials and Methods. The symbols are the same as

those in Fig 1.

Fig 3. Representative cytofluorographic assessment of CD4 and

CD8 cells stained with 7-AAD (apoptotic cells). Two-color immunoflu-

orescence staining was performed on CD4 and CD8 lymphocytes to

analyze the staining by 7-AAD. Representative results are shown for

CD4 and CD8 T cells from a control individual (A) and an HIV-infected

person at baseline (B) and after 150 days of L-carnitine treatment (C).

The vertical bar represents the threshold above which 7-AAD staining

was considered positive.
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compartment, comparable to that observed in normal individu-
als. Remarkably, CD4 and CD8 lymphocytes from the HIV-
positive donor (T0), which had decreased cell size (FSC), were
precisely those that incorporated 7-AAD (Fig 4B). L-carnitine
therapy (T4) led to an increase of CD4 and CD8 cells with
higher FSC, which did not incorporate 7-AAD.

Ceramide levels. The PBMC-associated ceramide levels
were significantly higher at baseline in the patient group in
comparison to healthy individuals (10.26 2.3 pmol/106 cells),
according to our previous work.8,20 L-carnitine therapy led to a
progressive decline in the ceramide levels with respect to the
baseline (Fig 5 and Table 2). We measured decreased levels of
PBMC-associated ceramide on each time point over the course
of the study and at the end of the study, the changes were
statistically significant compared with the baseline (P 5 .003).
The mean net change from baseline at the end of the study was a
reduction of 35.86 35.3 (range, decrease of 109 to a gain of 10)
pmol/106 cells. At each time point, the levels of ceramide

correlated only weakly to moderately with the frequency of
apoptotic CD4 and CD8 cells; a statistically significant correla-
tion was found between ceramide levels and apoptotic CD4
cells on baseline and T1 (r5 0.71 and r5 0.73,P 5 .015 and
.011, respectively) (Table 3).

HIV-1 viremia. HIV-1 viremia was measured at baseline,
after 30 days, and at the end of the study. The large variability in
the baseline levels of plasma HIV-1 RNA (log10) (range, 2.6 to
4.52 copies/µL) reflects the differing viral burdens between
patients (Table 1). Mean HIV viremia levels increased slightly
between baseline and T4 (mean log10 gain5 0.22; median gain,
0.14; range,20.45 to11.09).

Safety of treatment.No toxicity related to L-carnitine
therapy was observed and none of the subjects investigated
required reductions in the dose of L-carnitine. In addition, even
though we did not observe any significant improvements in the
Karnofsky scores compared with the baseline (all of the patients
had a Karnofsky score of.90 at enrollment), all of the subjects

Fig 4. Representative cytofluorographic ex-

periment of apoptotic CD4 and CD8 cells as-

sessed by evaluating FSC and SSC parameters.

Apoptotic cells are represented as a function of

both parameters. (A) Represents FSC/SSC lym-

phocyte compartments in an HIV-negative con-

trol and an HIV-positive individual at baseline

(T0) and after 150 days of L-carnitine treatment

(T4). A shift to a lower FSC/higher SSC was

observed in the HIV-positive individual compared

with the normal control, but L-carnitine treat-

ment shifted FSC/SSC parameters to the levels

observed in the HIV-negative control. Accord-

ingly, CD4 and CD8 cells in the HIV-positive

individual at baseline (T0) with decreased FSC

were precisely those that incorporated 7-AAD

(B). After 150 days of L-carnitine treatment (T4),

CD4 and CD8 cells with higher FSC did not

incorporate 7-AAD, as seen in the normal indi-

vidual. The horizontal bar represents the thresh-

old above which 7-AAD staining was considered

positive.

A

B
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reported, with no exception, a sense of improved well-being by
the second week of L-carnitine treatment.

DISCUSSION

Recent work from our laboratory has shown that L-carnitine
downmodulates ceramide generation by interfering with the
Fas-induced apoptotic signal,23 a major mechanism for the loss
of CD4 and CD8 cells during the progression of the infection
towards AIDS. The finding that short-term treatment of AIDS
patients with L-carnitine significantly reduced both the levels of
lymphocyte-associated ceramide and the frequency of apoptotic
CD4 and CD8 cells22 added weight to the in vitro results.
Ceramide has been shown to initiate signalling leading to
lymphocyte apoptosis in response to several mechanisms,
which are implicated in the inappropriate apoptosis seen in
HIV-1–infected individuals, such as the chronic expression of
Fas and Fas ligand and the unregulated activation of the
receptor for tumor necrosis factor.13-17 Furthermore, ceramide

enhances HIV-1 replication,18,19 and its cellular levels strongly
increase after experimental HIV-1 infection30 and in peripheral
blood lymphocytes from HIV-infected patients.8 The role of
ceramide in the progression of HIV-1 infection is also supported
by the finding that long-term nonprogressors, who remain
clinically healthy and immunocompetent over an extended
period of time, have lower lymphocyte-associated ceramide
levels than subjects with AIDS.8,20

In this pilot study, we show evidence that L-carnitine therapy
of HIV-1–infected subjects may have a significant impact on
CD4 absolute counts, one independent predictor of the risk of
developing AIDS-related complications. We were unable to set
up an appropriate control group because we consider the
placebo administration in AIDS patients unethical. Moreover, in
the same group of patients, multiple CD4 counts were done
before the initiation of the study, therefore, excluding artifactual
increases of the data generated during the trial period. The
absolute CD4 cell counts increased over the period when
L-carnitine was administered and there was a significant
increase compared with the baseline after 90 and 150 days of
treatment, but a positive trend was already recognized after 15
and 30 days, even though the differences were not statistically
significant.

The analyzed individuals represent a unique population of
infected subjects, all of whom were living in the Community of
San Patrignano, being exposed to the same environmental
influences and with comparable nutritional regimens. Remark-
ably, in the majority of individuals, there was a past history of
HBV or HCV infection and no opportunistic infection was
detected during the trial period.

They had stable CD4 counts over an extended period of time,
but progressively declining CD4 counts were recognized over
the last 12 months of their stay in the Community before the
enrollment in the trial. Because they refused to undergo any
treatment with antiretroviral drugs, an option for enrollment in
the study was offered, even though none of them had carnitine
deficiency as shown by comparable plasma levels in healthy
individuals.

The impact of L-carnitine therapy was not limited to CD4
cells, as even CD8 cell absolute counts and rate of change
exhibited a trend towards improvement. Indeed, L-carnitine
therapy resulted in an overall gain of CD8 cells.

These results were paralleled by a strong reduction in the
frequency of apoptotic CD4 and CD8 cells and, even though
this reduction occurred gradually, changes in actual values
between each time point and baseline were always strongly
significant.

The improvement in CD4 and CD8 absolute counts and the
reduction in apoptosis appear to have progressive decline in
cell-associated ceramide levels as the common denominator.
Furthermore, at each time point, we found that ceramide levels
correlated weakly to moderately with the frequency of apoptotic
CD4 and CD8 cells and the correlation was statistically
significant at baseline and T1 (r5 0.71 and r5 0.73,P 5 .015
andP 5 .011, respectively).

Remarkably, most of the above modifications occurred with
only moderate (6 0.5 log maximum) changes in the plasma
viral load, with the exception of one patient, in whom HIV-
viremia increased by 1.1 log, but the same individuals showed a

Fig 5. Cell-associated ceramide levels expressed as picomoles/106

cells before and after L-carnitine treatment (each patient is indicated

by a code). Fresh PBMC were isolated and the lipid extracts were

assayed for endogenous ceramide with the DAG-kinase assay as

described in Materials and Methods. The symbols are the same as

those in Fig 1.

Table 3. Spearman Rank Correlations Between Ceramide Levels

and Apoptotic CD4 and CD8 Cells

Variable Time Points r P No.

Apoptotic CD4, Ceramide T0 0.71 .015 11

T1 0.73 .011 11

T2 0.26 .43 11

T3 20.24 .48 11

T4 20.15 .66 11

Apoptotic CD8, Ceramide T0 0.37 .26 11

T1 20.063 .85 11

T2 20.15 .66 11

T3 20.37 .26 11

T4 20.13 .70 11

T0, baseline; T1, day 15; T2, day 30; T3, day 90; T4, day 150.

Abbreviation: r, Spearman rank correlation coefficient.
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significant increase in CD4 cell counts and subjectively re-
ported an increased sense of well-being and resistance to
fatigue. Taken together, our data suggest that long-term L-
carnitine administration may have a substantial impact on the
chief immunologic abnormality associated with HIV-1 infec-
tion, the loss of CD4 T cells, through downmodulating the
generation of ceramide and reducing the rate of apoptotic
lymphocyte death, without affecting the HIV-1 viremia levels,
thus suggesting that a dissociation exists between changes in
viremia and CD4 depletion. Indeed, L-carnitine administration,
although not affecting the viral life cycle, interrupts the
HIV-infection–associated ceramide generation and conse-
quently the lymphocyte apoptosis, which is considered a crucial
factor in the pathogenesis of AIDS.

Additional mechanisms contributing to the antiapoptotic
effects of L-carnitine, beside the inhibition of ceramide genera-
tion, cannot be ruled out, as shown by recent studies reporting
its ability to prevent the disruption of mitochondrial transmem-
brane potential,31,32an early and irreversible step in the effector
phase of apoptotic cell death.33 Moreover, an abnormal redox
cellular state is associated with HIV infection and could be at
least partially involved in the T-cell depletion in AIDS.34,35

Indeed, oxidative stress has been implicated in apoptosis, and it
may provide effector mechanisms for the final common path-
way of programmed cell death. L-carnitine, when administered
in vivo, is very effective in inhibiting oxygen radical produc-
tion.36 Thus, the antiapoptotic effect of L-carnitine could also be
due to its antidepolarizing action at the mitochondrial level and
antioxidant activity.

The safety of treatment and the occurrence of toxicity related
to the treatment was closely monitored in our study. None of the
subjects investigated reported any toxicity related to L-carnitine
therapy and dose reductions were not necessary. As L-carnitine
therapy was able to increase CD4 counts in this small group of
patients who had been experiencing decline in CD4 counts, this
suggests that such therapeutic benefits may be real. The use of
L-carnitine as an adjuvant to current combination antiretroviral
therapy in a randomized comparison against the same therapies
excluding L-carnitine is actually under investigation.

In conclusion, our results indicate that L-carnitine targets the
immune system and suggest that complementing antiretroviral
therapy with L-carnitine may be an attractive approach to the
management of HIV-1–infected patients and a comparative
evaluation seems justified. The potential of L-carnitine to
protect the host against the toxicity of nucleoside analogs adds
further weight to this idea.37-40

REFERENCES

1. Gougeon ML, Montagnier L: Apoptosis in AIDS. Science 260:
1269, 1993

2. Ameisen JC, Estaquier J, Idziorek T, De Bels F: The relevance of
apoptosis to AIDS pathogenesis. Trends Cell Biol 5:27, 1995

3. Finkel TH, Banda NK: Indirect mechanisms of HIV pathogenesis:
How does HIV kill T cells? Curr Opin Immunol 6:606, 1994

4. Finkel TH, Tudor-Williams G, Banda NK, Cotton MF, Curiel T,
Monks C, Baba TW, Ruprecht RM, Kupfer A: Apoptosis occurs
predominantly in bystander cells and not in productively infected cells
of HIV- and SIV-infected lymph nodes. Nat Med 1:129, 1995

5. Gougeon ML: Does apoptosis contribute to T cell depletion in
human immunodeficiency virus infection? Cell Death Diff 2:1, 1995

6. Groux H, Torpier G, MOnte D, MOuton Y, Capron A, Ameisen
JC: Activation-induced death by apoptosis in CD41 T cells from
human immunodeficiency virus-infected asymptomatic individuals. J
Exp Med 175:331, 1992

7. Gougeon ML, Lecoeur H, Dulioust A, Enouf M-G, Crouvoisier
M, Goujard C, Debord T, Montagnier L: Programmed cell death in
peripheral lymphocytes from HIV-infected persons. J Immunol 156:
3509, 1996

8. De Simone C, Cifone MG, Alesse E, Steinberg SM, Di Marzio L,
Moretti S, Famularo G, Boschini A, Testi R: Cell-associated ceramide in
HIV-1-infected subjects. AIDS 10:675, 1996

9. Katsikis PD, Wunderlich ES, Smith CA, Herzenberg LA: Fas
antigen stimulation induces marked apoptosis of T lymphocytes in
human immunodeficiency virus-infected individuals. J Exp Med 181:
2029, 1995

10. Andrieu JM, Lu W: Viro-immunopathogenesis of HIV disease:
Implications for therapy. Immunol Today 16:5, 1995

11. Debatin KM, Fahrig-Faissner A, Enenkel-Stoodt S, Kreuz W,
Benner A, Krammer PH: High expression of APO-1 (CD95) on T
lymphocytes from human immunodeficiency virus-1-infected children.
Blood 83:3101, 1994

12. Westendorp MO, Frank R, Ochsenbauer C, Stricker K, Dhein J,
Walczak J, Debatin K-M, Krammer PH: Sensitization of T cells to
CD95-mediated apoptosis by HIV-1 Tat and gp120. Nature 375:497,
1995

13. Cifone MG, De Maria R, Roncaioli P, Rippo MR, Azuma M,
Lanier LL, Santoni A, Testi R: Apoptotic signaling through CD95
(Fas/Apo-1) activates an acidic sphingomyelinase. J Exp Med 177:
1547, 1993

14. Cifone MG, Roncaioli P, De Maria R, Camarda G, Santoni A,
Ruberti G, Testi R: Multiple pathways originate at the Fas/APO-1
(CD95) receptor: Sequential involvement of phopshatidylcholine-
specific phospholipase and acidic sphingomyelinase in the propagation
of the apoptotic signal. EMBO J 14:5859, 1995

15. Obeid LM, Linardic CM, Karolak LA, Hannun, YA: Pro-
grammed cell death induced by ceramide. Science 259:1769, 1993

16. Jarvis WD, Kolesnick RN, Fornari FA, Traylor RS, Gerwitz DA,
Grant S: Induction of apoptotic damage and cell death by activation of
the sphingomyelin pathway. Proc Natl Acad Sci USA 91:73, 1994

17. Gulbins E, Bissonnette R, Mahboubi A, Martin S, Nishioka W,
Brunner T, Baier G, Baier-Bitterlich G, Byrd C, Lang F, Kolesnick R,
Altman A, Green D: Fas-induced apoptosis is mediated via a ceramide-
initiated RAS signaling pathway. Immunity 2:341, 1995

18. Rivas C, Golde DW, Vera JC, Kolesnick RN: Involvement of the
sphingomyelin pathway in TNF signalling for HIV production in
chronically infected HL-60 cells. Blood 83:2191, 1993

19. Papp B, Zhang D, Groopman JN, Byrn RA: Stimulation of
human immunodeficiency virus type 1 expression by ceramide. AIDS
Res Hum Retroviruses 10:775, 1994

20. De Simone C, Cifone MG, Roncaioli P, Moretti S, Famularo G,
Alesse E, Boschini A, Testi R: Ceramide, AIDS, and long-term
survivors. Immunol Today 17:48, 1996

21. De Simone C, Famularo G, Cifone MG, Mitsuya H: HIV-1
infection and cellular metabolism. Immunol Today 17:256, 1996

22. Cifone MG, Alesse E, Di Marzio L, Ruggeri B, Zazzeroni F,
Moretti S, Famularo G, Steinberg SM, Vullo E, De Simone C: Effect of
L-carnitine treatmentin vivo on apoptosis and ceramide generation in
peripheral blood lymphocytes from AIDS patients. Proc Assoc Am Phys
109:146, 1997

23. Di Marzio L, Alesse E, Roncaioli P, Muzi P, Moretti S,
Marcellini S, Amicosante G, De Simone C, Cifone MG: Influence of
L-carnitine on Fas crosslinking-induced apoptosis and ceramide genera-
tion in T cell lines: Correlation with its effects on purified acidic and
neutral sphingomyelinasesin vitro. Proc Assoc Am Phys 109:154, 1997

24. Boschini A, Smacchia C, Di Fine M, Schiesari A, Ballarini P,

L-CARNITINE AND AIDS-ASSOCIATED APOPTOSIS 3823

 For personal use only. by on December 7, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


Arlotti M, Gabrielli C, Castellani G, Genova M, Pantani P, Cozzi Lepri
A, Rezza G: Community-acquired pneumonia in a cohort of former
injection drug users with and without human immunodeficiency virus
infection: Incidence, etiologies, and clinical aspacts. Clin Infect Dis
23:107, 1996

25. Sahajwila CG, Helton ED, Purich ED, Hoppler CL, Cabana BE:
Comparison of L-carnitine pharmacokinetics with and without baseline
correction following administration of single 20 mg/kg intravenous
dose. J Pharm Sci 84:634, 1995

26. Schmid L, Uittenbogaart CH, Keld B, Giorgi JV: A rapid method
for measuring apoptosis and dual-color immunofluorescence by single
laser flow cytometry. J Immunol Methods 170:145, 1994

27. Dive C, Gregory CD, Phipps DJ, Evans DL, Milner AE, Wyllie
AH: Analysis and discrimination of necrosis and apoptosis (pro-
grammed cell death) by multiparameter flow cytometry. Biochim
Biophys Acta 1133:275, 1992

28. Petit PX, Lecoeur H, Zorn E, Daughet C, Mignotte B, Gougeon
M-L: Alterations in mitochondrial structure and function are early
events of dexamethasone-induced thymocyte apoptosis. J Cell Biol
130:157, 1995

29. Hochberg Y: A sharper Bonferroni procedure for multiple tests of
significance. Biometrika 75:800, 1988

30. Van Veldhoven PP, Matthews JJ, Bolognesi DP, Bell RM:
Changes in bioactive lipids alkylacylglycerol and ceramide occur in
HIV-infected cells. Biochem Biophys Res Commun 187:209, 1992

31. Cossarizza A, Mussini C, Mongiardo N, Borghi V, Sabbatini A,
De Rienzo B, Franceschi C: Mitochondrial alterations and dramatic
tendency to undergo apoptosis in peripheral blood lymphocytes during
acute HIV syndrome. AIDS 11:19, 1997

32. Pastorino JG, Snyder JW, Serroni A, Hoeck JB, Farber JL:

Cyclosporin and carnitine prevent the anoxic death of cultured hepato-
cytes by inhibiting the mitochondrial permeability transition. J Biol
Chem 268:13791, 1993

33. Kroemer G, Zamzami N, Susin SA: Mitochondrial control of
apoptosis. Immunol Today 18:44, 1997

34. Buttke TM, Sandstrom PA: Oxidative stress as a mediator of
apoptosis. Immunol Today 15:7, 1994

35. Westerndorp, MO, Shatrov VA, Schultze-Osthoff K, Frank R,
Kraft M, Los M, Krammer PH, Droge W, Lehmann V: HIV-1 Tat
potentiates TNF-induced NF-kB activation and cytotoxicity by altering
the cellular redox state. EMBO J 14:546, 1995

36. Novelli GP, Adembri C, Brunelleschi S, Livi P, Rossi R, Pratesi
C: Oxygen-radicals production during ischemia-reperfusion of the
lower limbs in man: Inhibitory effects of L-carnitine. Curr Ther Res
48:903, 1990

37. Dalakas MC, Leon-Monzon ME, Bernardini I, Gahl WA: The
AZT-induced myopathy is associated with muscle carnitine deficiency
and lipid storage. Ann Neurol 35:482, 1994

38. Semino-Mora MC, Leon-Monzon ME, Dalakas MC: Effect of
oral L-carnitine on the zidovudine-induced destruction of human
myotubes. Part I: L-carnitine prevents the myotoxicity of AZTin vitro.
Lab Invest 71:102, 1994

39. Semino-Mora MC, Leon-Monzon ME, Dalakas MC: Effect of
L-carnitine on the zidovudine-induced destruction of human myotubes.
Part II: Treatment with L-carnitine improves the AZT-induced changes
and prevents further destruction. Lab Invest 71:773, 1994

40. Famularo G, Moretti S, Marcellini S, Trinchieri V, Tzantzoglou
S, Santini G, Longo A, De Simone C: Acetyl-carnitine deficiency in
AIDS patients with neurotoxicity on treatment with antiretroviral
nucleoside analogs. AIDS 11:185, 1997

3824 MORETTI ET AL

 For personal use only. by on December 7, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

