
122 R. PÉREZ AGUILAR ET AL.

Copyright © 2007 John Wiley & Sons, Ltd. J. Appl. Toxicol. 2008; 28: 122–131
DOI: 10.1002/jat

JOURNAL OF APPLIED TOXICOLOGY
J. Appl. Toxicol. 2008; 28: 122–131
Published online 14 May 2007 in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/jat.1256

Renal gangliosides are involved in lead intoxication

Rossana Pérez Aguilar, Susana Genta and Sara Sánchez*

Departamento de Biología del Desarrollo, Instituto Superior de Investigaciones Biológicas (INSIBIO), Consejo Nacional de
Investigaciones Científicas y Técnicas (CONICET) y Universidad Nacional del Tucumán, 4000 San Miguel de Tucumán, Argentina

Received 27 October 2006; Revised 20 February 2007; Accepted 21 February 2007

ABSTRACT: The biological effects of lead are well defined; however, neither the risk exposure level nor the subcellular

mechanism of its action is completely clear. The present work was undertaken to investigate the effects of low level and

long term lead exposure on the composition and expression of rat renal gangliosides. In order to identify ganglioside

expression, frozen sections of kidneys were stained with monoclonal antibodies GMB16 (GM1 specific), GM28 (GM2

specific), AMR-10 (GM4 specific) and CDW 60 (9-O-Ac-GD3 specific). Strong reactivity was observed for GMB28, AMR-

10 and CDW 60, while GMB16 developed only weak labelling in treated kidney compared with the control. The altera-

tions in the expression of renal gangliosides observed by immunohistochemistry were accompanied by quantitative and

qualitative changes in the thin layer chromatography of total gangliosides isolated from kidney tissues. Lead treatment

produced a significant increase in 9-O-Ac GD3, a ganglioside involved in apoptotic processes. In agreement with this result,

a significant decrease in the number of apoptotic glomerular cells was observed with the TUNEL assay. These findings

lead us to suggest that alterations in renal gangliosides produced by low level lead exposure are associated with the

apoptotic processes that take place in the kidney.

These findings provide evidence that low level and long term lead exposure produces renal ganglioside alterations with

urinary microalbumin excretion. The results suggest that lead levels within the limits of biological tolerance already cause

molecular renal damage without clinical signs of toxicity. Copyright © 2007 John Wiley & Sons, Ltd.
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A previous work demonstrated that chronic lead expo-
sure produces changes in the expression of extracellular
proteins such as laminin-1 and fibronectin, in rat kidney,
together with ultrastructural modifications in the glome-
rular basement membrane (Sanchez et al., 2001).

These early molecular alterations might induce flaws in
the assembly and molecular architecture of the glomerular
basement membrane, thus affecting the filtration process.

Among the constituents of the plasma membrane,
gangliosides play a significant role as modulators of cellular
responses in glomerular functions (Hakomori and Igarashi,
1993; Zeller and Marchese, 1992). These molecules are
composed of a hydrophilic sialic acid containing oligo-
saccharide chain and a ceramide hydrophobic tail. They
are inserted into the outer leaflet of the plasma membrane
through their ceramide moiety (van Echten and Sandhoff,
1993). Gangliosides can act as receptors for a variety
of molecules and have been shown to take part in cell–
cell interactions, cell adhesion, recognition and signal
transduction (Hakamori and Igarashi, 1995).

Individual tissues and cell types show different
ganglioside patterns that change in response to variations
in cellular morphology and function (Koizumi et al.,
1988; Iwamori et al., 1984). Gangliosides are present in
kidney tissue (Shayman and Radin, 1991) and have been
characterized in various animal species (Karlsson et al.,

Introduction

Lead is one of the most common toxic metals present in
the atmosphere and exposure to it is still a major medical
problem in both environmental and occupational settings.
In conditions of low level and long term lead  exposure,
potentially adverse health effects have been observed in
both humans and experimental animals (WHO, 1987;
Goyer, 1971; Bressler and Goldstein, 1991).

The central nervous system, liver and kidneys have
been proved to be the main targets of lead toxicity, which
causes important pathological changes (Beck, 1992;
Goyer, 1992) and functional abnormalities such as cogni-
tive and behavioural outcome, gastrointestinal toxicity
and chronic renal failure.

Kidneys are quite vulnerable to toxic injury because
they are exposed directly to the blood plasma via their
open fenestrae (Kleinman et al., 1986). However, lead
nephropathy is rarely considered in the differential diag-
nosis of chronic renal disease.
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1973; Gasa and Makita, 1980; Tomono et al., 1984).
The adult rat kidney contains major ganglioside species
of GM3 and GD3 and minor components including
GM4, GM2 and GD1a (Saito and Sugiyma, 2000a;
Tadano-Aritomi et al., 1998; Saito and Sugiyama, 2001).
The O-acetyl-derivative of GD3 has been shown to be
concentrated in the glomerular region of adult rat kidney.
This restricted localization suggests its possible role in
specific kidney functions (Tadano and Ishizuka, 1981).

Although the composition and topological distribu-
tion changes of renal gangliosides are well documented
(Spiegel et al., 1988), there are few published reports
concerning changes under pathological conditions (Zhang
and Kiechle, 2004).

Altered kidney ganglioside patterns have been reported
in diabetes. This alteration in ganglioside expression
was believed to be implicated in the development of
glomerular hypertrophy caused by a hyperglycaemic con-
dition (Kwak et al., 2003; Masson et al., 2005). Renal
cell carcinomas display increased levels of GD1a, GM1
and GM2 compared with normal kidney cells (Saito
et al., 2000). Higher ganglioside levels are correlated
with the potential degree of metastasis (Saito et al., 1991;
Ritter and Livingston, 1991). Nevertheless, information
concerning the role of renal gangliosides during lead
intoxication is lacking.

Assuming the importance of lead from an occupational
as well as an environmental viewpoint, this study was
undertaken to examine possible alterations in the com-
position and expression of renal gangliosides and to
determine whether such alterations could represent one of
the earliest changes associated with lead nephropathy.

Materials and Methods

Experimental Animals

An animal model of chronic lead toxicity in vivo was
applied. The study was performed of adult male Wistar
rats weighing ca. 210 g at the start of the treatment. They
were divided into an experimental and a control group,
each consisting of 10 animals. The animals were housed
in individual cages. All of them were fed a standard diet.
Animals in the experimental group were given 0.06%
lead acetate in their drinking water for 4 months, whereas
the controls received ordinary tap water. Each animal
drank 25–30 ml of water per day. One day before being
killed, the rats were individually placed in metabolic
cages during the day and 24 h urine samples were col-
lected. These samples were allowed to stand at 4 °C in
the dark until analysis.

At the end of the experimental period the animals were
weighed and killed with an overdose of ether and their
kidneys were perfused in situ with 150 ml of cold PBS
(100 mM, pH 7.4). The perfusion was carried out in

antegrade direction (portal to cava vein). Kidneys were
removed, weighed and observed macroscopically and
then analysed. Experiments were performed three times
with similar results.

Blood Samples

Blood was collected by cardiac puncture in heparinized
tubes for lead analysis. Lead was estimated in the whole
blood using an atomic absorption spectrophotometer
Perkin Elmer A Analyst 600 with a graphite furnace.

Blood for haematological studies was collected into
tubes containing ethylenediaminetetraacetic acid (EDTA)
anticoagulant. The blood haemoglobin level (g dl−1) was
measured by optical density at 540 nm using Drabkin’s
(cyanmethaemoglobin) reagent. Other red blood cell in-
dices were measured according to standard procedures
using a Cell-DYN 3700 (Abbott) Haematology Analyser.

Blood for clinical chemistry studies was collected
into tubes without an anticoagulant, allowed to clot and
centrifuged to obtain serum. An Alcyon Analyser ISE
(Abbott) and Axsym™ System (Abbott) were employed to
measure creatinine and blood urea nitrogen.

Urinary Protein

Urine samples collected for 24 h were kept at 4 °C. Then
they were centrifuged and used for microalbuminuria
determination. The DCA 2000 microalbumin/creatinine
reagent kit was used for the quantitative determination of
albumin in urine (DCA 2000 Analyser, Bayer).

Urinary Delta-aminolevulinic Acid

Urinary delta-aminolevulinic acid (d-ALA) was estimated
in urine samples according to Tomakunik and Ogata
(1973). Delta-amino-levulinic acid reacted with acety-
lacetone and formed a pyrrole substance which reacted
with dimethylaminobenzoese aldehyde. The coloured
complex was measured spectrophotometrically at 553 nm
using a Gilford Stasar III spectrophotometer. The results
were expressed as mg g−1 creatinine.

Preparation and Chromatographic Separation of
Gangliosides

Total glycosphingolipids were purified from the perfused
kidneys of lead treated rats and normal control animals as
described by Daniotti et al. 1991. Kidney samples were
washed in cold PBS solution and the surrounding connec-
tive tissues were removed and immediately homogenized
with an UltraTurrax homogenizer. Total lipids were
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extracted twice with 4 volumes of chloroform : methanol
(C : M) (1 : 2; v/v) and the residue was re-extracted with
C : M (2 : 1; v/v). The combined extracts were dried,
resuspended in C : M : water (60 : 30 : 4.5; v/v) and desalted
with a Sephadex G-25 column equilibrated with the same
solvent mixture. The eluates were partitioned according
to Folch et al. (1957) and the upper phase was com-
pletely dried, resuspended in C : M (4 : 1; v/v) and passed
through a silicic acid column (Sigma Chemical Co.,
St Louis, MO, USA) equilibrated with chloroform. The
column was washed with C : M (2 : 3; v/v). The eluate was
dried and samples containing 20 nmol ganglioside sialic
acid were resuspended in 15 μl C : M (2 : 3; v/v) and spot-
ted on silica gel high performance thin layer chromato-
graphy (HPTLC) plates (HPTLC Silicagel 60 F 254,
Merck, Darmstadt, Germany). Chromatograms were devel-
oped with C : M : CaCl2 0.25% (50 : 40 : 8.5 w/v) solvent
systems. Gangliosides were visualized with resorcinol–
HCl reagent. Neuroaminic acid bound to lipid was deter-
mined by the resorcinol method (Svennerholm, 1963).
Densitometric analyses were performed as previously
described Daniotti et al. (1991) Gangliosides were abbre-
viated according to Svennerholm (1963).

Tissue Processing for Immunohistochemistry

For indirect immunohistochemical staining, kidney tissue
fixed overnight in 4% formaldehyde solution was cryo-
protected with 30% sucrose solution and then quick-
frozen and sectioned (6–8 μm) on a Bright 3020 cryostat.
Sections were mounted on Histogrip-coated glass slides
(Zimed Laboratories, Inc., San Francisco, CA) and
allowed to dry for 30 min at 37 °C. Slides were stored at
−20 °C before use.

Antibodies

The monoclonal antibodies used in this study, Mab
GMB16, Mab GMB 28, Mab AMR-10 were kindly pro-
vided by Dr Tadashi Tai, Tokyo (Kotani et al., 1992); and
CDW60 by Dr Bernhard Kniep, Germany (Kniep et al.,
1992). These Mabs reacted strongly with the gangliosides
GM1, GM2, GM4 and 9-O-Ac GD3, showing highly
restricted binding specificities. Anti-mouse polyvalent
immunoglobulins (IgG, IgA, IgM)-FITC conjugate (anti-
bodies developed in goats) were obtained from Sigma.

Indirect Immunofluorescence Microscopy

Serial kidney cryosections were hydrated with 5 min
rinses with PBS. Then they were incubated with 3%
bovine serum albumin (BSA)-PBS for 1 h at room tem-
perature to prevent non-specific background staining.

After blocking, they were treated for 2 h at room tem-
perature with a 1 : 100 dilution of monoclonal antibody
GMB16, GMB28, AMR-10 or CDW60. After rinsing
with PBS, the sections were incubated with a 1 : 500
dilution of anti-mouse polyvalent immunoglobulin-FITC
conjugate for 2 h at room temperature in the dark.
The reaction was stopped by rinsing with distilled water.
Then slides were mounted in Mowiol (Hoechst Verkauf
Lackrohstoffe, Frankfurt, Germany) and observed with a
Nikon Fluophot microscope with an appropriate FICT
fluorescence. Control experiments without the primary
antibodies were carried out as well.

In Situ Detection of Apoptotic Cells

Kidney cell apoptosis was measured in paraffin sections
using the terminal deoxynucleotidyl transferase (TdT)-
mediated dUTP nick end labelling (TUNEL) method
(Promega, Madison, WI, USA).

Statistical Analysis

The results are expressed as mean ± SE. Statistical differ-
ences were determined using Student’s unpaired t-test.
Differences were considered significant at P < 0.05.

Results

Blood Lead Concentration

After preliminary assays with different doses of lead
acetate (0.01%, 0.06% and 0.1%), 0.06% was chosen on
the basis that it caused blood lead levels to reach values
within biological tolerance values.

Statistical analyses of data from blood lead concentra-
tion revealed that the animals that received 0.06% lead
acetate in the drinking water for 4 months presented
higher blood lead concentration levels than those of the
controls (35.90 ± 11.80 vs 2.12 ± 0.71 μ dl−1, P < 0.001).

Survival, General Condition and Diet Intake

Continuous lead exposure for 4 months did not cause
mortality in rats. During the experimental period the ani-
mals appeared normal in their cage.

Individual observation outside the cage showed a fairly
good general condition in lead treated animals, with no
adverse symptoms that could be associated with abnormal
autonomic central activity and behaviour.

Body weight gain for the treated group was less than
that of the control group throughout the study. At the end
of the experimental period, the body weight of treated
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rats was significantly different with respect to the control
rats (323.0 ± 10.9 g vs 408.0 ± 15.2 g, P < 0.05).

However, no significant change in the kidney/body
weight ratio was observed in lead treated rats compared
with the controls. Macroscopic kidney examination re-
vealed no alterations attributable to lead administration.

In the present study, lead administration caused no
effect on daily standard rodent diet consumption com-
pared with the control group (18.2 ± 0.3 vs 18.7 ± 0.2 g).

Biochemical Parameters

No significant changes in haematological parameters were
noticed at the end of the experimental period in treated
rats compared with the control group (Table 1). However,
chronic lead exposure caused a significant increase in
urinary d-ALA acid compared with the control group
(1.55 ± 0.82 vs 0.48 ± 0.04 mg g−1, P < 0.05).

Lead administration had no effect on chemical para-
meters such as serum creatinine and blood urea nitrogen.
However, the addition of lead acetate to the drinking

water caused microalbuminuria, characterized by a
urinary albumin excretion of 26.5 ± 5.4 mg l−1 against
11.4 ± 1.5 mg l−1 (P < 0.001) for the control rats.

In agreement with Weir (2004), it is considered that
the detection of microalbumin in the urine is an early
signal of the onset of progressive renal disease.

Immunolocalization of Gangliosides in Kidney

The expression of different gangliosides in rat kidneys
was studied using an immunofluorescence technique.

Figure 1 shows the immunostaining of GM1 ganglio-
side in sections of kidney using mouse MAb GMB16
antibody. The labelling was found mainly in the renal
tubule. The relative intensity of the staining was lower in
the kidney of lead treated rats (Fig. 1A) than in the con-
trols (Fig. 1B). The distribution of the GM2 ganglioside
was detected using mouse MAb GMB28 antibody.
Strong reactivity was observed in the renal tubules and
glomeruli of treated rats (Fig. 2A), whereas normal
kidney tissue showed very weak staining (Fig. 2B).

Figure 1. Immunofluorescence analysis of ganglioside
GM1 expression in kidney tissue. Frozen sections of
lead treated kidney (A) and control kidney (B) were
immunostained using monoclonal antibody GMB16
and FITC labelled goat antimouse immunoglobulin
antibody. Bar: 50 μm

Figure 2. Immunofluorescence analysis of ganglioside
GM2 expression in kidney tissue. Frozen sections of
lead treated kidney (A) and control kidney (B) were
immunostained using monoclonal antibody GMB28
and FITC labelled goat antimouse immunoglobulin
antibody. Bar: 50 μm
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and homogeneous staining label of the control animals
(Fig. 3B).

CDW60 MAb is a monoclonal antibody that specifi-
cally recognizes 9-O-acetyl-GD3 ganglioside. Figure 4
shows the immunostaining of this ganglioside in kidney

Table 1. Characteristics and biochemical parameters of study animals

Lead treated rats Control rats

Body weight (g) 323.0 ± 10.9a 408.0 ± 15.2
Kidney weight (g) 1.63 ± 0.13 NS 1.90 ± 0.10
Kidney/body weight 4.7 10−3 ± 5.010−4 NS 4.0 10−3 ± 6.0 10−4

Blood lead (μg dl−1) 35.90 ± 11.80b 2.12 ± 0.71
Urinary d-ALA (mg g−1 creatinine) 1.55 ± 0.82a 0.48 ± 0.04
Creatinine (mg l−1) 7.00 ± 0.65 NS 6.87 ± 1.51
Blood urea nitrogen (g l−1) 0.47 ± 0.14 NS 0.46 ± 0.10
Urine volume (ml 24 h) 10.8 ± 2.9 NS 11.5 ± 2.4
Urinary microalbumin (mg 24 h) 26.5 ± 5.4b 11.4 ± 1.5
Haematocrit (%) 78.0 ± 2.3 NS 78.7 ± 1.5
Haemoglobin (g dl−1) 15.2 ± 0.3 NS 15.2 ± 0.6
Apoptotic cells (%) – TUNEL 3.5 ± 0.3b 7.0 ± 0.2

Values are the mean ± SEM from 10 rats. Statistical analyses were performed using Student’s t-test. NS, not significant; a P < 0.05; b P < 0.001.

Figure 3. Immunofluorescence analysis of ganglioside
GM4 expression in kidney tissue. Frozen sections of
lead treated kidney (A) and control kidney (B) were
immunostained using monoclonal antibody AMR10
and FITC labelled goat antimouse immunoglobulin
antibody. Bar: 50 μm

The study also examined whether any changes in the
expression of GM4 gangliosides occurred in the kidney
of the studied animals using the specific antibody AMR-
10. Chronic lead administration led to a significant in-
crease in the expression of the GM4 ganglioside, mainly
in the glomeruli, and tubules exhibited a diffuse and dis-
continuous staining (Fig. 3A), in contrast with the weak

Figure 4. Immunofluorescence analysis of ganglioside
9-O-Ac-GD3 expression in kidney tissue. Frozen sections
of lead treated kidney (A) and control kidney (B) were
immunostained using monoclonal antibody CDW60
and FITC labelled goat antimouse immunoglobulin
antibody. Bar: 50 μm
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Table 2. Gangliosides composition of lead treated and control rat kidneys

Gangliosides Lead treated rats (%) Control rats (%)

GM4 15.0 ± 0.5a 9.7 ± 2.1
GM3 15.6 ± 0.1 NS 15.8 ± 0.6
GM2 14.7 ± 0.5a 13.0 ± 0.5
GM1 9.3 ± 1.7b 17.6 ± 2.1
GD1a 15.0 ± 0.4b 12.9 ± 0.3
GD3 14.30 ± 0.03b 16.50 ± 0.08
9-O-Ac GD3 16.1 ± 0.4b 13.9 ± 0.1

The values represent the relative percentage of each ganglioside, determined by densitometric scanning. Statistical
analyses were performed using Student’s t-test. Data are an average of three separate experiments (mean ± SEM).
NS, not significant; a P < 0.05; b P < 0.005.

sections from lead-treated and control rats. In all kidneys
analysed, labelling was found only in the glomerular
zone. Strong reactivity was seen in the glomeruli of
treated rats (Fig. 4A), whereas normal kidneys showed
very weak staining (Fig. 4B). This finding would indicate
that chronic lead intoxication leads to a significant in-
crease in the glomerular 9-O-acetylation of GD3.

Ganglioside TLC Analysis

Gangliosides extracted from kidneys rats were analysed
by TLC chromatographic technique. As shown in
Figure 5, the pattern of control (lane Ct) and treated
kidney rats (lane Pb) revealed mainly the following
ganglioside spots, defined according to their relative
mobility. These TLC profiles showed quantitative dif-
ferences when comparing treated and control animals.
Table 2 shows the densitometric analysis of the TLC
gangliosides profiles presented in Figure 5, demonstrating
a significant decrease in the amount of GM1 and GD3
ganglioside, and an increase in GM4 and GD1a ganglio-
side in the kidney of lead treated rats compared with the
controls. In contrast, only a slight increase in the GM2
ganglioside expression was detected in the treated rats.
GM3 ganglioside was not affect by lead treatment, while
the amount of 9-O-Ac-GD3 was strongly increased com-
pared with the control rats.

Apoptosis Detection

In order to examine the possibility that chronic lead in-
toxication might be involved in apoptotic events, the TdT
mediated dUTP Nick End Labelling (TUNEL) assay was
used. The advantage of the TUNEL method is that it
allows one to directly visualize cells exhibiting DNA
fragmentation in tissue sections. Figure 6 shows apop-
totic cells in treated (Fig. 6A, B) and normal kidneys
(Fig. 6C, D).

Apoptotic cells were shown by TUNEL and were
quantified by counting 1000 cells in at least ten micro-
scopic fields.

Figure 5. High performance thin layer chromatogram.
HPTLC of total gangliosides obtained from lead treated
kidney (Pb), normal kidney (Ct) and reference standard
(St) was developed in solvent system of C : M : CaCl2
0.25% (50 : 40 : 8.5) and visualized with resorcinol : HCl
reagent. The amount of gangliosides spotted in each
lane is equivalent to 20 nmol ganglioside sialic acid.
The profile presented is representative of three
experiments

A statistically significant decrease in the number of
apoptotic glomerular cells was observed in the kidney of
treated rats compared with the control animals (3.5 ± 0.3
vs 7.0 ± 0.2%, P < 0.001).
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Discussion

The toxic effects of lead have been studied for many
years, but the cellular targets of action are not completely
established (Oberley et al., 1995; Stohs and Bagchi,
1995; Van Den Heuvel et al., 2001). Nephropathy due to
chronic exposure to lead is manifested by dysfunction
of renal tubules, which can lead to chronic renal failure
(Nolan and Shaikh, 1992). A previous work demon-
strated that chronic lead exposure caused changes in
the extracellular protein expression and ultrastructural
modifications such as a decrease in the thickness of the
glomerular basal membrane in rat kidney (Sanchez et al.,
2001).

In order to increase understanding of molecular altera-
tions produced by lead, the studies focused on ganglio-
sides. These molecules are believed to be integral for the
dynamics of many cell membrane events, including
cellular interactions, signalling and trafficking.

The present study demonstrated characteristic changes
in ganglioside patterns on TLC in the rat kidney after

chronic lead intoxication at low exposure levels. The
ganglioside pattern was mainly characterized by a
decrease in the GM1 gangliosides as well as by a mild
increase in GM4 and GM2 gangliosides, but the strong-
est alteration for ganglioside expression was observed in
the 9-O-acetylated modified form of the GD3 ganglio-
side, which is over expressed.

Anti-ganglioside antibodies have become a useful tool
for localizing gangliosides in the cell (Schwarz and
Futerman, 1997, 2000). MAbs GM 16, GMB 28 and
AMR 10 showed highly restricted binding specificities,
reacting only with gangliosides used as immunogens,
GM1, GM2 and GM4, respectively. The monoclonal
antibody raised against GM1 was capable of staining the
kidneys at the tubular level, whereas the anti GM2 and
anti GM4 antibodies were detected at the tubules and
glomeruli. The intensity of the labelling varied according
to the gangliosides analysed. MAb GMB 28 and AMR
10, which specifically recognize GM2 and GM4 ganglio-
sides, respectively, showed strong reactivity, whereas Mab
GM16 (GM1-specific) developed very weak labelling.

Figure 6. TUNEL analysis of renal apoptotic processes. (A–C) Apoptotic nuclei staining by fluorescein-12 dUTP
at the 3′-OH DNA ends using the enzyme terminal deoxynucleotidyl transferase (TdT). (B–D) Cells stained by 4′-6-
diamidino-2-phenylindole (DAPI). DAPI stains both apoptotic and non-apoptotic cells. (A, B) Lead treated rats;
(C, D) Control rats. Bar: 25 μm
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The immunostaining is in agreement with the results
obtained through TLC.

GD3 is a minor ganglioside in most normal tissues
(Sugiyama and Saito, 1999; Saito and Sugiyama, 2002)
that is highly expressed only during development and in
pathological conditions such as cancer and neurodegener-
ative disorders (Prokazova and Bergelson, 1994; Saito
and Sugiyama, 2000b; Mennel et al., 2000).

In mammalian cells, the intracellular accumulation
of ganglioside GD3 contributes to mitochondrial damage,
a crucial event during the apoptotic process (De Maria
et al., 1997; Melchiorri et al., 2002). GD3 recruits
mitochondria to the apoptotic programme and the relevant
GD3 targets are under bcl-2 control (Rippo et al., 2000).
The results revealed that chronic lead exposure did
not affect the amount of GD3, as shown in the TLC.
However, in our experimental conditions, a marked in-
crease in 9-O-acetyl-GD3 expression was observed only
in the glomerular zone. GD3 contains two sialic acid
residues sequentially attached to the galactose residues.
The most common post-synthetic modification of GD3
is O-acetylation at the C9 position of its terminal sialic
acid (Klein and Roussel, 1998; Malisan et al., 2002). O-
acetylation does not change the charges of the ganglio-
sides but diminishes their polarity, and thus changes their
TLC mobility. The results demonstrated that lead admin-
istration increased the intensity of a band corresponding
to GD3 with O-acetyl groups, enhancing its TLC mobil-
ity. This modification could affect the proapoptotic activ-
ity of GD3, which would be an example of the gain/loss
of the proapoptotic function regulated by acetylation in a
lipid mediator (Malisan et al., 2002). This study exam-
ined the apoptotic activity of the renal tissue using the
TUNEL assay. It was demonstrated that lead treatment
caused a significant decrease in the number of apoptotic
glomerular cells together with an increase in 9-O-acetyl
GD3.

On the basis of these findings, it is believed that the
increase in GD3-O-acetylation could represent a strategy
to attenuate the normal renal apoptotic process and
could therefore contribute to cell survival during lead
exposure.

Renal ganglioside expression patterns have been stud-
ied and characterized in several animal species (Saito and
Sugiyama, 2000a; Tadano and Ishizuka, 1981; Spiegel
et al., 1988; Shayman and Radin, 1991). However, there
is little information concerning the expression of these
molecules and their participation in pathological pro-
cesses (Tsuboi et al., 2003; Hakomori and Handa, 2002;
Iwabuchi et al., 1998). As far as we know, there is only
evidence that cisplatin, an antineoplasic and nephrotoxic
agent, causes modification of gangliosides in the lung and
breast (Basu et al., 2004; Yoshida et al., 2002; Kiura
et al., 1998). This is the first work that reports studies of
the expression of renal gangliosides in chronic experi-
mental lead intoxication. The fact that a differential

distribution of gangliosides was observed within the
nephron led us to suggest that the increase or decrease in
the amount of a given ganglioside might indicate the
degree of kidney compromise during lead intoxication.
An important fact to be borne in mind is that the changes
in the expression of gangliosides occur at low levels of
lead exposure and with very low blood lead concentration
levels.

The fact that the urinary delta-ALA was increased in
the treated rats indicates that chronic administration of
low levels of lead in our experimental model produced a
certain degree of inhibition in the enzymes in the heme
synthesis pathway. Interestingly, anaemia is not apparent;
although no enzymatic inhibitory assay was carried out,
it is believed that a good candidate could be the cytosolic
enzyme δ-aminolevulinic acid dehydratase, which is read-
ily inhibited by lead (Tomokuni et al., 1993).

The slight increase in urinary albumin excretion found
in our treated animals was probably due to an isolated
defect in charge selectivity. Gangliosides are involved
in the maintenance of the charge selective filtration
barrier of glomeruli (Simons et al., 2001) due to their
electronegative charge. Consequently, the changes in
renal gangliosides in treated animals could explain the
presence of microalbuminuria, which is considered an
early sign of renal alteration (Weir, 2004).

In this experimental model, microalbuminuria was
found to be an early marker of renal alteration. This fact
agrees with the works of Assadi (2005) and Abid et al.

(2001) who have reported microalbuminuria as a pre-
dictor of renal disease. However, no changes were found
in blood urea nitrogen or serum creatinine levels, al-
though these biochemical indicators are used in occupa-
tional lead poisoning studies (Staessen et al., 1992).

Traditionally, lead poisoning was recognized when
classical symptoms were present and blood lead levels
were high. However, based on our findings, lead nephro-
pathy already occurs in the absence of symptoms or with
minimal biochemical changes at the cellular and mole-
cular levels.
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