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Abstract

Chlorella vulgaris extract (CVE) was examined for its chelating effects on the myelosuppression induced by lead in Listeria

monocytogenes-infected mice. The reduction in the number of bone marrow granulocyte-macrophage progenitors (CFU-GM)

observed after the infection was more severe in the groups previously exposed to lead. Extramedullar hematopoiesis, which was

drastically increased after the infection, was not altered by the presence of lead. Treatment with CVE, given simultaneously or

following lead exposure, restored to control values the myelosuppression observed in infected/lead-exposed mice and produced

a significant increase in serum colony-stimulating activity. The benefits of the CVE treatment were also evident in the recovery

of thymus weight, since the reduction produced by the infection was further potentiated by lead exposure. The efficacy of CVE

was evident when infected and infected/lead-exposed mice were challenged with a lethal dose of L. monocytogenes after a 10-

day treatment with 50 mg/kg CVE/day, given simultaneously to the exposure to 1300 ppm lead acetate in drinking water.

Survival rates of 30% for the infected group and of 20% for the infected/lead-exposed groups were observed. Evidence that

these protective effects of CVE are partly due to its chelating effect was given by the changes observed in blood lead levels. We

have observed in the group receiving the CVE/lead simultaneous exposure a dramatic reduction of 66.03% in blood lead levels,

when compared to lead-exposed nontreated control. On the other hand, CVE treatment following lead exposure produced a

much less effective chelating effect. CVE treatments for 3 or 10 days, starting 24 h following lead exposure, produced a

reduction in blood lead levels of 13.5% and 17%, respectively, compared to lead-exposed nontreated controls. The significantly

better response observed with the simultaneous CVE/lead administration indicates that the immunomodulation effect of CVE

plays an important role in the ability of this algae to reduce blood lead levels. In this regard, additional experiments with gene

knockout C57BL/6 mice lacking a functional IFN-g gene demonstrated that this cytokine is of paramount importance in the

protection afforded by CVE. The antibacterial evaluation measured by the rate of survival demonstrated that, in face of a 100%

survival in the control group composed of normal C57BL/6 mice, which are resistant to L. monocytogenes, we observed no

protection whatsoever in the IFN-g knockout C57BL/6 mice treated with CVE and inoculated with L. monocytogenes.
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1. Introduction

Chlorella vulgaris, a unicellular green algae, has

been studied in a variety of practical approaches. In

the last years, several reports from our laboratory

and others demonstrated the protective effects of

this algae against bacterial and virus infections [1–

8], tumours [9–12] and peptic ulcers [13]. Recently,

the use of C. vulgaris for the removal of toxic

metals from natural waters or waste waters has been

reported by several authors [14–17]. This micro-

algae has been used for analytical purposes to

quantitatively recover ions, such as lead, cadmium,

chromium and nickel, from natural water samples.

These experiments demonstrated the presence of

very high affinity metal ion binding sites in these

organisms [14,16–21]. This metal-binding property

seems to be related to the presence of chloroplast in

the cellular wall, an organelle rich in sulphur,

potassium, calcium and phosphorus [16,17,22].

The ability of sulphydryl-containing compounds to

chelate metals is well established in the literature

and this could be the main factor involved in the in

vitro removal by C. vulgaris of heavy metal con-

taminants [23].

Chelation therapy, first developed as a method for

treating heavy metal poisoning, has recently been

demonstrated to be effective against atherosclerosis,

coronary heart disease and peripheral vascular dis-

ease. Its supposed benefits include increased collat-

eral blood circulation, decreased blood viscosity,

improved cell membrane function, improved intra-

cellular organelle function, decreased arterial vaso-

spasm, decreased free radical formation, inhibition

of the aging process, reversal of atherosclerosis;

decrease in angina, reversal of gangrene, improve-

ment of skin color, and healing of diabetic ulcers

[24–27].

Concerns about the safety of chelation have

focused on experimental evidence in animals and

on clinical experience. The adverse effects of chela-

tors include hypersensitivity reactions, hyperpyrexia,

tachycardia, hypertension, transient elevations of

hepatic transaminases, conjunctivitis, lacrimation,

salivation, renal failure, leukopenia, thrombocytope-

nia, hematuria, proteinuria, eosinophilia and anorexia

[28–31]. However, the most serious potential

adverse effect of chelation therapy is the nonspecific
chelation, which causes the depletion of some essen-

tial elements such as calcium, iron, copper, manga-

nese, molybdenum and zinc [31,32]. Moreover,

although some chelating agents such as meso-2,3-

dimercaptosuccinic acid (DMSA) do not directly

bind magnesium, cysteine and gluthatione, its admin-

istration also produces some depletion of these

nutrients [33].

Exposure to heavy metals, such as lead, has

shown to downregulate various parameters of the

immune response. In this regard, humoral and cel-

lular immunosuppression appears to be a more subtle

effect of exposure to low levels of lead [34–39]. In

addition, a suppressive dose-dependent effect of lead

on bone marrow granulocyte-macrophage progeni-

tors was demonstrated by our group and others

[40,41]. The accumulation of this metal in the bone

marrow [42,43] could result in deleterious effects to

the progenitor cells and consequently lower the

resistance to a variety of pathogens. In this regard,

it has been demonstrated that when lead-treated mice

were challenged with Listeria monocytogenes, mor-

tality increased significantly [36,40,44,45]. The

potentiation by lead of the immunosuppression

induced by L. monocytogenes infection is related to

the diminished number of macrophages capable of

responding to the bacterial insult [36,46,47] and to

the reduced frequency of progenitor cells in the bone

marrow that respond to hematopoietic growth factors

[36,40,41].

In order to investigate if the in vitro chelating

effects of CVE are also observed in vivo, we designed

the present work to study the protective effect of this

algae in mice exposed to lead and infected with L.

monocytogenes. Our results demonstrated that,

although the immunohematopoietic modulation pro-

duced by CVE was observed with all the treatment

schedules used, the ability of CVE to reduce blood

lead levels was much greater when the algae was

administered simultaneously to lead exposure, and a

much less expressive figure was found with the CVE

treatment following lead exposure. These findings

indicate that the effective chelating activity occurs

in association to the immunoprotective effects of

CVE. In this regard, the importance of IFN-g was

demonstrated with the use of IFN-g gene knockout

mice infected with L. monocytogenes and treated with

CVE.
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2. Material and methods

2.1. Mice

Male BALB/c (genetically susceptible to L. mono-

cytogenes), C57BL/6 (genetically resistant to L.

monocytogenes) and C57BL/6 interferon-g gene

knockout mice, 6–8 weeks old, were bred at the

University Central Animal Facilities (Centro de Bio-

terismo, Universidade Estadual de Campinas, Campi-

nas, SP), raised under specific pathogen-free

conditions, and matched for body weight before use.

Animal experiments were done in accordance with

institutional protocols and the guidelines of the Insti-

tutional Animal Care and Use Committee.

2.2. L. monocytogenes infection

L. monocytogenes obtained at the Department of

Clinical Pathology from the Universidade Estadual de

Campinas was used to infect the animals. The intra-

peritonial (i.p.) lethal dose for BALB/c mice was

established to be 4� 106 bacteria/animal. Bacterial

virulence was maintained by serial passages in BALB/

c mice. Fresh isolates were obtained from infected

spleens, grown in BHI medium and stored as 1-ml

aliquots at � 80 jC. Before use, each sample was

thawed and diluted to an appropriated concentration in

0.9% NaCl. Mice were challenged i.p. with a suble-

thal dose of 4� 104 viable L. monocytogenes/animal.

To evaluate survival rate, mice were inoculated i.p.

with a lethal dose of 4� 106 viable L. monocytogenes/

animal.

2.3. Treatment regimens

C. vulgaris extract was provided by Dr. T. Hase-

gawa (Research Laboratories, Chlorella Industry,

Japan). Chemical analysis, performed by Hasegawa

et al. [3], revealed that CVE contained 44.3 g protein,

39.5 g carbohydrates and 15.4 g nucleic acids in 100 g

(dry weight) whole material. No lipids were detected.

CVE was dissolved in distilled water (37 jC) and
diluted into appropriate concentrations immediately

before use. Doses of 50 mg/kg were given orally by

gavage in a 0.2-ml volume/mouse. Two time sched-

ules were used for the CVE treatment. In one group,

CVE was given simultaneously to 1300 ppm of lead
acetate, for 10 consecutive days. In the other groups,

CVE was given for periods of 3 or 10 days, starting 24

h following the administration of the same dose of

lead. In all groups, the animals were challenged with a

sublethal dose of L. monocytogenes 24 h after the last

administration of CVE and femoral marrow was

collected 24, 48 and 72 h after the inoculation of

the bacteria. The selection of CVE and lead doses was

based on previous study performed in our laboratory

[8,40].

2.4. Progenitor cell assays

The bone marrow cells were aseptically removed

by flushing the tibia with RPMI 1640 medium

(Sigma, St. Louis, MO) using a syringe with a 25-

gauge needle. The marrow plug was then converted to

a dispersed cell suspension in 5 ml of RPMI 1640 by

gently aspirating the suspension up and down using

sterile 10-ml pipette. Spleens were removed asepti-

cally and then converted to dispersed cell suspensions

in RPMI 1640 medium by gently pressing through a

stainless-steel mesh net.

Assays with suspensions from femoral marrow and

spleen were performed in 1-ml agar cultures in 35-mm

Petri dishes using 1�105 marrow cells or 2� 105

spleen cells per culture. Dulbecco’s modified Eagle’s

medium (DMEM, Sigma) containing 20% fetal calf

serum and 0.3% agar was used. Colony formation was

stimulated by the addition of rmGM-CSF as described

above. The cultures were incubated for 7 days in a

fully humidified atmosphere of 5% CO2 in air. Colony

formation (clones >50 cells) was scored at 35�
magnification using a dissection microscope and the

whole cultures fixed using 2.5% glutaraldehyde fol-

lowed by methanol. The intact cultures were floated

onto glass slides, dried, stained with Luxol fast blue/

hematoxylin, and visualized under microscope [48].

2.5. Hematopoietic stimulator

Recombinant murine granulocyte-macrophage col-

ony-stimulating factor (rmGM-CSF) was supplied by

Sigma. The rmGM-CSF is an acid glycoprotein of 22

kDa expressed in Escherichia coli. Colony formation

was stimulated by inclusion in the cultures of 0.025

ng/ml rmGM-CSF when 1�105 bone marrow cells

were cultured in 1 ml of soft agar. This concentration
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of rmGM-CSF was determined from the linear portion

of the dose–response curve measured in our labora-

tory before the experiments started.

2.6. Assay for serum colony-stimulating activity

(CSA)

Mice were bled from the ocular plexus under ether

anesthesia. Within each experimental group, blood

was pooled in periods of 24, 48 and 72 h after the

L. monocytogenes challenge. Pooled blood was left at

37 jC for 30 min, and the clots were allowed to retract

overnight at 4 jC. Following centrifugation, the serum
was removed and stored at � 20 jC. CSA was

determined by ability of serum obtained from control

and experimental groups to induce the growth and

differentiation of normal bone marrow progenitor

cells (CFU-GM).

2.7. Detection of blood lead levels

Lead concentration in blood was measured by

atomic absorption spectrophotometry (Zeiss, FMD4)

according to the direct chelation–extraction method

[49] by Prevlab Laboratory, which is a reference in

toxicological evaluation in the Region of Campinas.

The accuracy and precision of this method were

determined by analysing standardised bovine blood

obtained from Koulson Laboratories. The results were

43F 7 Ag/dl (cf. the control value 45F 7 Ag/dl) for
five samples. The lead concentration in the specimen

was determined by comparing its absorbance with that

of a standard curve prepared from reference samples.

In the range from 20 to 100 Ag/ml, the relative error

was of the order of 10% with a standard deviation of

approximately 8 Ag/100 ml.

2.8. Antibacterial evaluation

The antibacterial activity of CVE was evaluated by

measuring the survival time of BALB/c mice treated

for 10 consecutive days with oral daily doses of 50

mg/kg of CVE given simultaneously to the adminis-

tration of 1300 ppm of lead acetate in drinking water.

Animals were infected with a lethal dose of L. mono-

cytogenes 24 h after the end of the treatment. In

addition, survival was also evaluated in interferon-g

gene knockout mice C57BL/6 after the treatment for
10 consecutive days with daily 50 mg/kg dose of CVE

previously to the infection with L. monocytogenes.

The study with these latter animals was performed in

order to investigate the importance of endogenous

IFN-g production in the protection afforded by CVE.

C57BL/6 normal mice are resistant to L. monocyto-

genes and the LD50 of the bacteria for this resistant

strain is 100� greater than that for the susceptible

BALB/c mice [58].

2.9. Statistical analysis

Analysis of data among all groups was done by

one-way ANOVA. When the results were significant,

the Tukey test was used to determine the extent of the

differences. The probability of survival among the

experimental groups was calculated by the Kaplan–

Meier technique and the difference between the

groups was compared using the log-rank test. Statis-

tical significance was assigned when P < 0.05.
3. Results

3.1. Medular and peripheral hematopoiesis

The effects of the treatment with CVE, given

simultaneously or following lead exposure, on the

number of bone marrow granulocyte-macrophage

colonies (CFU-GM), are presented in Figs. 1 and

2. As we can see in both figures, a dramatic

reduction in the number of CFU-GM, although

not observed at the 24-h evaluation, was present

at 48 and 72 h after the infection. Exposure to lead,

previously to infection, produced a more severe

reduction in the number of CFU-GM at all stages

studied, including the 24-h evaluation (P < 0.05).

The administration of CVE, in addition to not

producing any effect in the hematopoietic response

of normal animals, led to a significant ( p < 0.05)

recovery in the number of these bone marrow

progenitors in infected and infected/lead-exposed

mice (Fig. 1). The same protection was afforded

by the administration of CVE given simultaneously

or following lead exposure. In addition, a full

recovery of the hematopoietic response was already

reached with CVE being given for 3 days following

lead exposure (Fig. 2) and no differences were



Fig. 1. The number of bonemarrow granulocyte-macrophage colonies (GM-CFU) in mice infected with a sublethal dose of L. monocytogenes 24 h

after the end of a 10-consecutive-day treatment with a daily 50 mg/kg oral dose of CVE, given simultaneously to the administration in the drinking

water of 1300 ppm of lead acetate. GM-CFU number was determined at 24, 48 and 72 h after bacterial inoculation. Control mice received diluent

only. Results represent the meansF S.D. of six mice per group. +P< 0.01 in relation to control; #P< 0.01 in relation to CVE+Pb; *P < 0.01 in

relation to infected (24 h) andCVE+Pb/I (24 h); @P < 0.01 in relation to infected (24 h), Pb/I and CVE+ I (48 h); §P < 0.05 in relation to Pb/I (24 h)

and CVE+Pb/I (48 h); bP < 0.05 in relation to infected (24 h), Pb/I and CVE+ I (72 h); &P < 0.05 in relation to Pb/I (24 h) and CVE+Pb/I (72 h).

Fig. 2. The number of bone marrow granulocyte-macrophage colonies GM-CFU in mice infected with a sublethal dose of L. monocytogenes 24

h after the end of a 10-consecutive-day treatment with a daily 50 mg/kg oral dose of CVE. CVE treatment started 24 h following the

administration for 10 days of 1300 ppm of lead acetate in the drinking water. GM-CFU number was determined at 24, 48 and 72 h after bacterial

inoculation. Control mice received diluent only. Results represent the meansF S.D. of six mice per group. +P < 0.01 in relation to control;
#P< 0.01 in relation to Pb +CVE; *P < 0.05 in relation to infected and CVE+Pb/I (24 h); @P < 0.05 in relation to CVE+Pb/I (48 h); §P< 0.05

in relation to CVE+Pb/I (48 h); bP< 0.05 in relation to CVE+Pb/I (72 h); &P< 0.05 in relation to CVE+Pb/I (72 h).
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Fig. 3. The number of spleen granulocyte-macrophage colonies (GM-CFU) in mice infected with a sublethal dose of L. monocytogenes 24 h

after the end of a 10-consecutive-day treatment with a daily 50 mg/kg oral dose of CVE given simultaneously to the administration in the

drinking water of 1300 ppm of lead acetate. GM-CFU number was determined at 24, 48 and 72 h after bacterial inoculation. Control mice

received diluent only. Results represent the meansF S.D. of six mice per group. +P < 0.001 in relation to control; @P< 0.001 in relation to

infected (24 h), CVE+ I, Pb/I, CVE+Pb/I (48 h); bP< 001 in relation to infected (24 h), CVE+ I, Pb/I, CVE+ Pb/I (72 h).

Fig. 4. Serum colony stimulating activity in mice infected with a sublethal dose of L. monocytogenes 24 h after the end of a 10-consecutive-day

treatment with a daily 50mg/kg oral dose of CVE given simultaneously to the administration in the drinkingwater of 1300 ppm of lead acetate. The

serumwas collected 24, 48 and 72 h after bacterial inoculation. Control mice received diluent only. Results represent the meansF S.D. of six mice

per group. +P < 0.01 in relation to control; #P< 0.05 in relation to Pb; **P < 0.05 in relation to I (24 h); *P< 0.05 in relation to Pb/I (24 h); @P < 0.05

in relation to infected (24 h) and CVE+ I (48 h); §P < 0.05 in relation to Pb/I (48 h); bP< 0.05 in relation to infected (24 h) and CVE+ I (72 h);
&P< 0.05 in relation to Pb/I (72 h).
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Table 1

Changes in blood lead levels of mice exposed to lead acetate and

treated with CVE

Blood lead levels (Ag/%)

Simultaneous Pb/

CVE

Pb/CVE—

10 days

Pb/CVE—

3 days

Pb Pb/CVE Pb Pb/CVE Pb Pb/CVE

106 70 40 33 52 45

Reduction = 66.03% Reduction = 17.05% Reduction = 13.46%

CVE treatment was given for 10 days simultaneously to the

administration of lead acetate, and for 3 and 10 days following the

10-day Pb exposure.
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observed between 3-day schedule results and those

obtained after a longer (10 days) CVE treatment

(data not shown).

Evaluation of peripheral hematopoiesis, as ob-

served by the number of CFU-GM in the spleen, is

presented in Fig. 3. The inoculation of bacteria

produced a dramatic increase in the number of

spleen colonies. This effect, reversed by the admin-

istration of CVE, was not affected by the presence

of lead.

The effects of CVE in the serum colony-stimulat-

ing activity (CSA) are presented in Fig. 4. The

results demonstrate that the increase in CSA,

observed at 24, 48 and 72 h of infection, was
 

Fig. 5. Thymus weight of mice infected with a sublethal dose of L. monocy

daily 50 mg/kg oral dose of CVE given simultaneously to the administra

scarified 24, 48 and 72 h after bacterial inoculation. Control mice receive

group. +P < 0.05 in relation to control; @P < 0.05 in relation to infected Pb

infected Pb/I (72 h); &P < 0.05 in relation to Pb/I (72 h).
significantly accentuated by the presence of CVE.

It is worth pointing out that the CVE treatment was

able to increase CSA activity not only in the infected

and infected/lead-exposed groups, but also in the

normal, nontreated mice. The presence of lead is

shown not to produce by itself any effect in the CSA

of the serum.

3.2. Blood lead levels

The changes produced in blood lead levels of mice

exposed to lead acetate and treated with CVE are

presented in Table 1. CVE was administered simulta-

neously or following Pb exposure. A dramatic reduc-

tion (66, 03%) was observed with the simultaneous

CVE/lead exposure. CVE treatment following lead

exposure produced reduction in blood lead levels of

17% and 13.5% when CVE was given for 10 or 3 days,

respectively.

3.3. Thymus weight

The severe thymic atrophy observed in mice at 48

and 72 h after L. monocytogenes infection was further

increased after lead exposure. In both cases, this effect

was prevented by the oral treatment with 50 mg/kg

CVE (P < 0.05) (Fig. 5).
togenes 24 h after the end of a 10-consecutive-day treatment with a

tion in the drinking water of 1300 ppm of lead acetate. Mice were

d diluent only. Results represent the meansF S.D. of six mice per

/I (48 h); §P< 0.05 in relation to Pb/I 48 h; bP < 0.05 in relation to



Fig. 6. Effects of a 10-consecutive-day treatment with oral daily dose of 50 mg/kg CVE, given simultaneously to the administration of 1300

ppm of lead acetate in the drinking water, on the survival of mice infected with a lethal dose of L. monocytogenes 24 h after the end of the

treatment. Groups of 20 mice were checked daily for survival. *P < 0.001 in relation to infected mice; #P < 0.001 in relation to Pb/I mice.
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3.4. Antibacterial evaluation

As we can see from Fig. 6, all infected and

infected/lead-exposed BALB/c mice presented a

100% mortality within 6 days. On the other hand,

when these animals were treated with 50 mg/kg

CVE for 10 days simultaneously to lead exposure,
Fig. 7. The effects of a pretreatment with 50 mg/kg CVE given orally for 1

monocytogenes 24 h after the end of the treatment. Groups of 20 mice w
no deaths were observed up to the 6th day after

infection, and the percentage of survivors in the

infected and infected/lead-exposed groups was of

30% and 20%, respectively (P < 0.001) (Fig. 6).

However, these results were not significantly differ-

ent, which suggests that lead does not hinder the

immunoprotective effects of CVE. Our studies with
0 days to IFN-g gene knockout mice infected with a lethal dose of L.

ere checked daily for survival.
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the C57BL/6 mice resistant to L. monocytogenes

demonstrated that, with the same dose of bacteria

inoculated to BALB/c mice, there is a 100%

survival of normal C57BL/6 mice. On the other

hand, no protection was afforded by CVE in knock-

out C57BL/6 mice lacking a functional IFN-g gene

(Fig. 7).
4. Discussion

Chelating agents are considered as potential instru-

ments for the treatment of heavy metal poisoning to

prevent or reverse toxic effects and enhance the

excretion of metals from the body [30]. However,

some studies indicate that there is a lack of safety and

efficacy when conventional chelating agents are used

[31]. The search for new technologies involving the

removal of toxic metals from waste waters has direc-

ted attention to biosorption, based on the metal-bind-

ing capabilities of algae and other aquatic plants. In

this sense, the use of C. vulgaris for the removal of

toxic metals from natural waters or waste waters due

to its adsorption properties has been reported by

several authors [14–17].

In the present study, we have demonstrated that

CVE increases the levels of serum colony-stimulating

factors, prevents the myelosuppression induced by

lead exposure in normal and L. monocytogenes-

infected mice, restores to normal the number of

CFU-GM, and significantly enhances host survival.

CVE was administered simultaneously or after Pb

exposure. Two different time points, 3 and 10 days,

were used for the study of the effects of CVE follow-

ing lead exposure. Although, no differences were

produced with the different treatment schedules on

the ability of CVE to abrogate myelosuppression, the

evaluation of blood lead levels demonstrated a more

effective chelating effect when CVE was administered

simultaneously to lead exposure. In this regard, reduc-

tions of 66%, 13.5% and 17.5% in blood lead levels

were observed when CVE was given simultaneously,

3 and 10 days following lead exposure, respectively.

These results indicate that the ability of CVE to

restore the immunosuppression produced by lead

contributes significantly to its ability to reduce blood

lead levels. In this regard, we have also observed in

this study that no protection as measured by the
survival rate was afforded by CVE in IFN-g knockout

C57BL/6 mice infected with L. monocytogenes. The

use of the C57BL/6 strain of mice in this experiment,

which is 100� more resistant to L. monocytogenes

than the BALB/c strain [58,60], reinforces the impor-

tance of IFN-g for the manifestation of the protective

CVE effects. In addition, CVE was able to restore the

thymus involution produced by the infection and

potentiated by lead exposure. It has been demonstra-

ted that lead exposure produces a disruption in the

balance between cell-mediated and humoral immunity

by inducing the suppression of Th1-type responses,

favouring the development of a Th2-type response

and increasing tumour necrosis factor alpha (TNF-a)

production [37,45,55,56]. In this regard, data recently

obtained in our laboratory demonstrated that in L.

monocytogenes-infected mice, CVE enhances the lev-

els of Th1 cytokines (IFN-g and IL-2) with no effects

on IL-4 and IL-10 production [57]. Similarly, results

reported by Hasegawa et al. [5] demonstrated that

CVE treatment increases the levels of IFN-g, IL-2, IL-

1a and TNF-a in normal and murine syndrome of

acquired immunodeficiency (MAIDS) mice after

infection with L. monocytogenes. The same authors

[59] showed that CVE oral administration may pro-

mote Th1 immune response via augmentation of IL-

12 production. Enhanced levels of IL-12 may also be

involved in the protective effects of CVE in lead-

exposed mice, since this cytokine overcomes the lead-

induced inhibition of IFN-g, thus making the IL-12-

driven Th1 development dominant over Pb-induced

Th2 development [37]. Additional mechanism of

action might contribute to the favorable effects of

CVE in lead-exposed mice. It is known that lead can

enhance the stress response which naturally occurs

during infection and further compromises the innate

and cell-mediated immunity by the inhibition of

macrophage development and activation [45,52].

The effects of stress on the immune response have

been attributed mainly to glucocorticoids, which

induce a decrease in the number of immunocompetent

cells, including thymocytes and peripheral T lympho-

cytes, thus contributing to thymic involution [52,53].

In this respect, Hasegawa et al. [54] have recently

demonstrated that the oral administration of C. vulga-

ris extract significantly inhibited the elevation of

serum glucocorticoid levels in mice after psycholog-

ical stress and concurrently prevents the decrease in
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the number of thymocytes and neutrophils. This effect

was attributed to the ability of this algae to stimulate

the production of pro-inflammatory cytokines, such as

IL-1, TNF-a and IL-12, which are known to depress

the glucocorticoid production by the adrenal cortex

[45]. The chelating response demonstrated by CVE

might also be related to the fact that this algae is a

sulphydryl-containing substance which contains free

radical content in its cellular wall [16,23]. It is well

described in the literature the great affinity that heavy

metals such as lead have for sulphydryl groups [50].

Pb modifies thiols on membranes indirectly by mod-

ulating oxidative products or altering the redox state

of the cell. This effect is due to lipid peroxidation and/

or modulation of the synthesis of immunoregulatory

products, such as leukotrienes, which have a variety

of effects on the immune system including the pro-

duction of slow-reacting products that augment mye-

loid colony formation [51].

Our findings demonstrate that the ability of CVE to

restore the immunosuppressive effects induced by

lead might be the result of an interaction between its

Th1-stimulating activity and its chelating in vivo

ability. The dramatic chelating effect observed with

the CVE treatment simultaneous to lead exposure

reinforces its use as a food supplement. In view of

the need for safer chelating agents, further studies are

necessary to evaluate the detoxicating effects of CVE

in humans.
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