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Abstract

Lead is an element of risk for the environment and human health and has harmful effects that may exceed those of
other inorganic toxicants. The immune system is one of the targets of lead. Its immunomodulatory actions depend on
the level of exposure, and it has been demonstrated that environmental amounts of the metal alter immune function.
Very little information is available regarding the effect of the metal on different aspects of the immune system of lower
vertebrates, in particular of amphibians. The aim of this study was to investigate the effect of sublethal lead (as acetate)
on the function of polymorphonuclear cells of Bufo arenarum. The results revealed that phagocytic and lytic functions
of the adherent blood cells collected from sublethal lead-injected toads and incubated with suspensions of Candida
pseudotropicalis were affected negatively. The decrease of the phagocytic activity was correlated with increased blood
lead levels (P-0.0001). Additional information referred to the total and differential leukocyte counts was presented; the
only difference found was in the number of blast-like cells that resulted augmented in the samples of lead-injected toads.
It was concluded that the evaluation of these parameters might be a reliable tool for the biological monitoring of the
immune status of amphibians.
Q 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Lead (Pb) is an hazardous heavy metal. It is of
great risk both for the environment and human
health, having harmful effects that in some cases
may exceed those of other inorganic toxicants. It
induces a broad range of essential physiological,
biochemical and behavioral dysfunctions in a dose-
related fashion. The main targets of lead are
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hematopoietic, nervous and renal systems; there
are reports suggesting that the reproductive and
immune systems are also impaired by the metal
(World Health Organization, 1989, 1995).

It has been demonstrated that environmental
levels of the metal may alter immune function
both in vertebrates and invertebrates (Bayne, 1990;
Zelikoff and Thomas, 1998). Many in vivo and in
vitro studies performed on animal models, such as
rat, mouse, rabbit and fish as well as those carried
out in humans, made it possible to document the
effects of lead on humoral and cellular immunity
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(McCabe, 1998). Important and representative
immune T-cell dependent functions, such as the
response to Listeria monocytogenes (Lawrence,
1981), and to sheep red blood cells (Muller et al.,
1977) have been studied, however, there is not a
general consensus about which are the mechanisms
of action of lead on the components of the immune
system (Rosenberg, 2001).

The vast majority of the studies devoted to the
impact of lead on the immune system have been
oriented by experimental works in mammals and
research in humans. In contrast, very little infor-
mation is currently available on the effect of the
metal on different aspects of the immune system
of lower vertebrates, in particular adult and larval
amphibians (Devillers and Exbrayat, 1992; Schuy-
tema and Nebeker, 1996; Sparling et al., 2000).

This work was based on the well-known fact
that hematopoiesis is one of the main functional
targets of lead and is related to our previous studies
(Perı et al., 1998; Perez Coll et al., 1988; Arrieta´ ´
et al., 2000; Rosenberg, 2001; Rosenberg et al.,
1998, 2002). We hypothesized that elevated blood
lead concentration may be reflected in alterations
of the morphology and the physiological properties
of the circulating cells. Within this framework we
undertook our present study focusing our attention
in particular on the impact of sublethal lead on the
in vitro function of the polymorphonuclear (PMN)
cells. Therefore, it was of interest to investigate
the effect of the metal on the phagocytic and lytic
capability of the adherent cells when incubated
with suspensions of Candida pseudotropicalis; we
found that it was severely impaired, being the
responses blood lead concentration related. Addi-
tional information referred to the effect of the
metal on the total and differential leukocyte counts
was also presented.

2. Materials and methods

2.1. Animals

Thirty adult Bufo arenarum male specimens
were collected in the surroundings of the city of
La Plata, Argentina. Animals were housed individ-
ually in plastic cages with perforated lids, contain-
ing tap-water, and were kept unfed for 7 days in
a chamber at constant photoperiod and temperature
(12 D: 12 N, 20 8C); water was renewed once a
day; the toads stayed in the same conditions
throughout the experiments.

2.2. Lead administration

Two solutions, one containing lead acetate and
the other containing sodium acetate were prepared
in distilled water. Experimental toads (155.8"9.5
g, mean"S.E.M.; ns15) received a single injec-
tion at a dose of 100 mg kg Pb and the controlsy1

(148.9"8.5 g; ns15) were injected with Na
acetate. The injections were performed in the
dorsal lymph sac, at a rate of 1 ml 160 g . They1

used dose of lead was previously determined in
our laboratory as sublethal at 20 8C for toads of
comparable mean body mass; it was 11.2% of the
120 h-LD50 (Arrieta et al., 1999).

2.3. Preparation of yeast cells

C. pseudotropicalis were cultured for 8 h at 37
8C on Sabouraud glucose agar, harvested and
washed in Hank’s balanced salt solution (HBSS).
RPMI medium (Sigma, St. Louis MO, USA) was
added up to a final concentration of 5=10 ml .6 y1

To opsonize the yeast cells 100 ml of pooled toad
serum was added per milliliter of Candida
suspension.

2.4. Blood collection, isolation of PMN cells and
determination of their phagocytic and lytic
activities

Seven days after administration of the metal,
the toads were anesthesized with MS-222, double
pithed and blood was obtained without anticoagu-
lant by heart puncture. Blood was immediately
spread on a glass slide as described previously
(Ballart et al., 1987). After 45 min of incubation
in a humid chamber at room temperature, the
blood clot was removed and the slides were
washed with RPMI medium. Under the same
conditions, the cells adhering to the glass slides
were incubated with 1 ml of the Candida suspen-
sion. After 45 min, the yeast cells remaining in
suspension were removed by gently washing the
slides with RPMI medium. The slides were then
air dried and stained with 10% Giemsa solution.
Live yeast cells were distinguished by their blue
staining while the dead cells remained unstained
and appeared as ghost images within the phago-
cyte. Phagocytic activity was expressed as the
number of phagocyted Candida by 100 PMN cells
checked. Lytic activity was expressed as the per-



227C.E. Rosenberg et al. / Comparative Biochemistry and Physiology Part C 136 (2003) 225–233

Fig. 1. PMN cells from Pb exposed (one week after the injec-
tion of 100 mg kg , as acetate). Non-phagocytic cell (mid-y1

dle), phagocytic PMN cell with a non-lysed Candida (upper),
phagocytic PMN cell with a lysed Candida (lower). Arrows
indicate C. pseudotropicalis.

centage of dead yeast cells out of the total of the
phagocyted Candida cells.

2.5. Total and differential leukocytes counts

Cells were counted in a Neubauer chamber, in
whole blood diluted 1y200 in amphibian physio-
logical solution. Results were expressed as number
of cells=10 ml . Differential leukocytes counts7 y1

were determined in blood smears stained with May
Grunwald–Giemsa. Results were expressed as
absolute (=10 ml ) and relative percentage7 y1

values obtained from a count of at least 100 cells.
Morphological identification of the cells followed
the characteristics described by Varela and Sellares´
(1937).

2.6. Blood lead concentrations

The whole blood lead concentration was deter-
mined by atomic absorption spectrometry in a
Varian SpectrAA model 300 spectrometer. Ali-
quots of blood samples were digested with con-
centrated HNO in water-bath at 70 8C and filtered3
through Whatman n8 1 and nitrocellulose MSI
0.45 discs. The calibration curve was done adding
nitrate lead solution to control samples with the
same matrix as treated ones, following the speci-
fications of the APHA-AWWA-WPCF (Clesceri et
al., 1998). The detection limit was 0.1 mg dl .y1

The linear regression for the calibration curve was
ysy0.006q0.0575x (rs0.993, Ps0.007). All
reagents were analytical grade. Data were given in
mg dl , as mean"S.D.y1

2.7. Statistical analysis

Comparisons of the phagocytic and lytic activi-
ties of lead-treated and control toads (using Stu-
dent’s t test), the correlation test between blood
lead concentration and phagocytic activity and the
normality tests were conducted using the
StatgraphicsPlus software package (Manugistics
Inc., Rockville MD, USA); a significance level of
P-0.05 for the hypothesis test was used.

3. Results

No mortality was recorded in toads from both
control and lead-injected groups; this fact was
interpreted as an evidence of the tolerance of the
animals to fasting for 2 weeks as well as to the
administered dose of lead.

3.1. Phagocytic and lytic activities

Compared with human cells, PMN cells of toads
present similarities and differences. Like in human
blood, their cytoplasm contains closely packed
very fine basophilic and acidophilic granules pro-
viding the stained cell with a light pink color.
However, unlikely human PMNs, the nuclei are
polymorphs ranging from band to segmented forms
but composed of a lower number of lobes, con-
nected by a very narrow filament. In some cells
the cytoplasm is vacuolated.

The method employed to isolate Bufo adherent
cells was useful as leukocytes were not modified
as in dextran fractionation or in case of using
trypsin for detachment of adhesive cells. As
Amphibia often develop mycotic diseases, the
yeast C. pseudotropicalis was chosen as an indi-
cator and also because the technique allowed to
test phagocytic and lytic activity simultaneously.

In Fig. 1 smears of treated B. arenarum PMN
cells adhered to glass (1000=), incubated with
suspensions of C. pseudotropicalis and stained
with 10% Giemsa are shown; phagocytic and non-
phagocytic cells as well as lysed and non-lysed
Candida can be observed.
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Fig. 2. Number of Candida phagocyted and lysed by PMN cells from 3 Pb exposed (ns15) 1 week after the injection of 100 mg
kg Pb, as acetate, and h control toads (ns15). Non-phagocytic PMN cells are not included in the figure. Upper: number ofy1

phagocyted and lysed C. pseudotropicalis found in each PMN. Lower: number of phagocyted but non-lysed C. pseudotropicalis found
in each PMN. The bars represent the total number of PMN phapocytic cells counted in all the animals from each group (ns15).

The total number of Candida phagocyted and
lysed by cells from both toad groups are presented
in Fig. 2; this parameter was determined counting
100 PMN cells in each smear corresponding to
each one of the control or treated toads.

The absolute and relative number of phagocytic
cells, phagocytic and lytic activities of both groups
of animals, expressed as mean"S.D. are shown in
Table 1. The values obtained for the phagocytic
and lytic activities fitted to a normal distribution;
consequently, parametric statistics comparisons
could be done. In lead-injected animals, most of
the evaluated parameters decreased significantly.

3.2. Cell counts

In Table 2 total and differential counts obtained
at the end of the experiments are shown. When
total and differential counts of cells of lead-
injected toads were compared with those of con-
trols, no differences were observed except in the
number of blasts which was higher in the first
group of toads.

3.3. Blood lead concentrations

Whole blood lead concentrations of control (ns
15) and treated (ns15) toads, 1 week after the
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Table 1
Comparison of relative and absolute number of phagocytic cells (PMN), phagocytic and lytic activities of Pb-exposed and control
toads, 1 week after the injection of 100 mg kg Pb (acetate)y1

Control Pb-exposed P
(ns15) (ns15)

Phagocytic cells
Absolute value (=10 ml )7 y1 0.08"0.06 0.06"0.06 NS
Relative value (%) 40.1"13.2 21.3"8.5 -0.001

Phagocytic activity 68.9"19.3 34.8"9.0 -0.001

Lytic activity 91.4"10.3 81.5"15.1 0.045

Data expressed as mean"S.D. Phagocytic cells: cells that phagocyte Candida. Phagocytic activity: number of phagocyted Candida
per 100 PMN cells. Lytic activity: percentage of dead yeast cells out of the total phagocyted Candida cells. NS: Non-significant.

Table 2
Total and differential blood cells counts in Pb-exposed and control toads 1 week after the injection of 100 mg kg Pb (acetate)y1

Control (ns15) Pb-exposed (ns15) P

Absolute Relative Absolute Relative
value value value value
(=10 ml )7 y1 (%) (=10 ml )7 y1 (%)

Red cells 59.90"18.60 49.10"19.50 NS
White cells 1.13"0.57 1.68"1.19 NS
Neutrophils 0.18"0.15 14.3"8.5 0.29"0.30 16.6"13.4 NS
Basophils 0.04"0.06 3.3"3.4 0.10"0.10 3.8"3.2 NS
Eosinophils 0.10"0.10 9.2"5.7 0.20"0.30 11.0"11.3 NS
Lymphocytes 0.90"0.40 71.0"9.6 1.40"0.90 64.0"13.6 NS
Monocytes 0.10"0.10 0.3"0.8 0.01"0.01 0.3"0.6 NS
Blast-like cells 0.02"0.03 1.9"2.6 0.09"0.11 4.3"4.2 -0.05

Data expressed as mean"S.D. NS: non-significant.

Fig. 3. Linear regression of whole blood lead (x) vs. phagocytic activity (y) of PMN cells from l Pb exposed (ns15) 1 week after
the injection of 100 mg kg Pb, as acetate, and w control toads (ns15). Phagocytic activity is the number of C. pseudotropicalisy1

phagocyted by 100 PMN.
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injection of Na-acetate and Pb-acetate solutions,
expressed as mean"S.D. were 2.9"0.8 and
6.2"1.4 mg dl . Fig. 3 presents the correlationy1

between whole blood lead (x) and phagocytic
activity (y). The regression line was ys86.52y
7.47x (rsy0.66; P-0.0001).

4. Discussion

The response to pathogens in Amphibia is medi-
ated by rapid and non-specific immune system
activity followed by the adaptive immune system
(Du Pasquier et al., 1989; Du Pasquier, 1993,
2001). The first defense at the skin and digestive
tract levels is mainly supported by anti-microbial
peptides (Carey et al., 1999). Later, as in inverte-
brates, amphibians have phagocytes–monocytes
and PMN—that can engulf and destroy pathogens.
They also have a complement system that in the
classical or alternative pathway and in antibody
dependent or independent fashion can help to
eliminate pathogens (Carey et al., 1999).

In relation to the assessment of PMN cells
function many methods have been described, such
as the study of the phagocytic and lytic activities.
Phagocytosis is the active transport of extracellular
particles into phagosomes (Foroozanfar et al.,
1984). Once the PMN reaches its target, it must
adhere to the foreign material, being this phase
enhanced by opsoning substances, such immuno-
globulins and complement factors. The main bac-
tericidal mechanism of these cells is the
oxygen-dependent system mediated by myelope-
roxidase, which also serves as a defense against
viruses and fungi. Further, myeloperoxidase-inde-
pendent systems exist that can destroy certain
species of fungi. Human monocytes and macro-
phages effectively phagocyte and lyse C. pseutro-
picalis by this type of mechanism (Ballart et al.,
1987). In relation to lead intoxication studies,
variable methodology was employed: phagocytic
function of PMN cells was examined using a
chemoluminiscent assay (L’Abbate et al., 1989).
Also, PMN chemotaxis, nitroblue tetrazolium-dye
reduction and the ability to kill C. albicans were
also employed (Queiroz et al., 1993).

This is the first report on the effect of the
injection of a sublethal dose of lead on the phago-
cytic processes of amphibian cells. The present
study shows that phagocytic and lytic activities of
PMN cells of lead-treated B. arenarum incubated
with suspensions of C. pseudotropicalis were

impaired one week after the injection of 100 mg
kg Pb (as acetate). The phagocytic activity iny1

toads was lower than the activity of human PMN
cells (Fink de Cabutti et al., 1984), but the lytic
activity was rather higher in the amphibians. This
fact may indicate that the lytic process is more
efficient in the group under study, possibly due to
lack of more specialized mechanisms as those
present in mammals.

The phagocytic activity was negatively correlat-
ed with whole blood lead at the end of the
experiment. On the contrary, there was no signifi-
cant correlation between lytic activity and blood
lead concentration (Ps0.06). As regards the cell
counts, no significant differences were observed,
except in the number of blast-like cells. Similar
observations were reported in tadpoles, where the
number of red cells diminished and the number of
blastic cells was higher after the exposition to the
metal (Barret, 1947). In the same way, in the
urodele Necturus sp., the relative values of imma-
ture cells circulating in peripheral blood augmented
after the intoxication with Pb (Dawson, 1933).

We cannot clarify whether the blast-like cells
were immature neutrophils or dividing lympho-
cytes. Moreover, the results of one of our early
papers (Perı et al., 1998) support the possibility´
that those cells might be erythrocyte precursors.

Although two processes are taking place simul-
taneously, i.e. erythrocyte destruction and removal
and erythrocyte differentiation and multiplication,
the anemia progress so rapidly that the animals
have practically no normal mature erythrocyte in
circulating blood, therefore, there is a striking
increase in the number of young and partially
mature red cells (Barret, 1947).

In regard to the possible impact of different
lower or higher-doses of Pb given to treated toads,
our experience indicates that important increases
or decreases in the injected amounts of the metal
were not correlated by proportional changes in its
concentrations in the whole blood of the animals.
For instance, in another set of experiments carried
out following the same experimental protocol and
on the same species (Arrieta et al., 2000) we have
shown that the whole blood lead concentration in
toads that have been received 10, 25 and 50 mg
Pb kg was 34, 50 and 53 mg dl . In contrast,y1 y1

after 5 weekly injections of Pb to toads of the
same species at a rate of 50 mg kg (Arrieta ety1

al., in press) the whole blood metal concentration
did not either show proportional increase, being
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only slightly higher than the values reported in
this paper. In addition, the main changes did not
occur in the blood concentration, but in the content
of the hematopoietic organs of the toads (mainly
liver). As it can be seen in Fig. 3, the injection of
the same dose of Pb to all animals does not
necessarily means that the concentration of the
metal reached in their blood was an almost con-
stant value.

As far as we were able to investigate, there is
no direct documented evidence referring to the
kinetics of lead in anurans (Linder and Grillitsch,
2000). It has long been known that bone is the
major long-term site of lead accumulation. In
addition, the concentration of lead in blood has
been considered a useful indicator of the intensity
of exposure to the metal. In the present study, the
blood lead concentration obtained from our toads
results elevated shortly after the administration of
a very low dose relative to the LD-50; this fact
could be considered as evidence in favor of a high
rate of distribution of the metal after its
administration.

In Amphibia the respiratory burst activity of
phagocytes in whole blood of Rana temporaria
was measured as zymosan induced chemilumines-
cence (Marnila et al., 1995). The authors showed
that the temperature and thermal acclimation
affected this immune parameter, since phagocyte
activation was enhanced progressively at temper-
atures ranging from 5 to 30 8C. This finding is
relevant because it suggests the importance of
environmental temperature on the immune system
function in ectotherm species.

In general, the molecular mechanism of the Pb
immunotoxicity appears complex and is still poorly
understood. However, there are some evidences
that may help to interpret our results. We have
shown that at the measured concentration of lead
in blood an impairment of the phagocytic and lytic
activities of PMN cells occurs. This response can
be partially explained by an alteration in the
metabolism of lipids, as it was suggested in birds
(Knowles and Donaldson, 1997) and in humans
(Osterode and Ulberth, 2000). These authors
showed that lead (acetate) altered eicosanoid
metabolism and macrophage function in birds
exposed to the metal, resulting in a diminished
disease resistance. In addition, Governa et al.
(1987) found an impairment of chemotactic and
phagocytic activities in human lead-exposed PMN
in vitro and have explained their results as a

consequence of the effect of the metal on the
cytoskeleton rather than on cell membrane struc-
tures. It is interesting to mention that Pb also alter
red blood cells membrane proteins (Caspers and
Siegel, 1980; Apostoli et al., 1988).

The production of reactive oxygen species may
be also involved in the phagocytic process. These
responses may be interpreted as the consequences
of altered membrane integrity, permeability and
function that, in turn, would increase the suscep-
tibility to lipid peroxidation suggesting that lead
may cause oxidative stress effects (Gurer and
Ercal, 2000). In this respect, the decreased function
of PMN of lead-exposed men was attributed to
lower intracellular superoxide production due to
mitochondria injury (Queiroz et al., 1993).

Our results show that toads constitute a group
of non-mammalian vertebrates extremely resistant
to lead. This fact was also shown by other authors
(Birdsall et al., 1986). In regard to this point it is
interesting to compare the blood concentrations of
Pb in our toads with those found in humans; it
comes out that toads were able to tolerate blood
concentrations of Pb some 120-fold higher (Lopez´
et al., 1998, 2000; Pineiro et al., 1998).˜

Finally, it is worthy of mention that several
authors have reported evidences showing that a
number of amphibian populations are declining in
many parts of the world, including Latin America
(Lips et al., 2000). Concern about such declines
arises because amphibians are important compo-
nents of many ecosystems. Consequently, a decline
in amphibian populations would have ecological
consequences (Sarkar, 1996). It is accepted that
the augmentation of anthropogenic pollutants in
the environment as heavy metals would be one of
the major factors affecting the life cycle of amphib-
ians (Mann and Bidwell, 1999; Arrieta et al.,
2001).

It is interesting that within this context it was
recently suggested that both natural and man-made
environmental stressors can alter amphibian
immune responses, thus increasing their suscepti-
bility to diseases (Carey et al., 1999). Considering
this recent decline of amphibian populations, sev-
eral patterns of mass mortality attributed to fungal
or irido virus were described but the impact of
enviromental factors was not completely clarified.

Our toads were sampled from the field; that
origin of the animals may explain the fact that the
blood of non-injected control animals contained
some amount of the metal, even after keeping
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them for 2 weeks in metal-free media; it is reason-
able to expect that chronically exposed animals
would have developed adaptive mechanisms to
compensate for negative metal impacts. Similar
findings of control non-exposed or non-injected
experimental groups containing measurable metal
concentrations were reported by other authors
(Stansley and Roscoe, 1996; Bergdahl et al., 1998;
Santos et al., 1999; Berzins and Bundy, 2002).
The amount of lead found in the blood of our
control toads may be attributed to a complex
process of environmental pollution previous to
their capture on the field.

The results of the present study demonstrate that
amphibians constitute a suitable experimental mod-
el for the detection of sensitive immunological
parameters. In this case, the impairement of phago-
cytic and lytic activities of the PMN cells may be
reliable indicators of the non-specific immune
system status of adult B. arenarum.
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