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Pesticides have been shown to possess marked immunotropic activity. The aim of this work was to study
the in vitro effects of different concentrations (1-100 uM) of Mancozeb (fungicide) and Metribuzin (her-
bicide), on the proliferative responses of human and rat spleen lymphocytes stimulated by concanavalin
A (ConA, mitogen), the Th1- (IL-2, INFy) and Th2- (IL-4) cytokine secretion and on the intracellular oxi-
dative status. The results showed that Mancozeb significantly reduced ConA lymphocyte proliferation in

f\(/leywordsl; a dose-dependent manner in both humans and rats. It also decreased IL-2, INFy and IL-4 secretion with a
Mz?rci(t;iezin a shift away to Th1 phenotype. Metribuzin at low concentrations (1-10 puM) resulted in activation of

ConA stimulated lymphocyte proliferation and cytokine production in both human and rat spleen cells.
However, at high concentrations (25-100 uM), Metribuzin induced a dose-dependent inhibition of lym-
phocyte proliferation and cytokines. Changes in intracellular levels of reduced Glutathione, hydroperox-
ides and carbonyl proteins and in the activities of catalase and SOD were observed after Mancozeb and

Rat splenocytes
Human lymphocytes
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Oxidative stress

Metribuzin exposure reflecting oxidative stress and DNA damage specially at high concentrations.
In conclusion, Mancozeb and Metribuzin had significant immunomodulatory properties with oxidative
stress induction at high concentrations.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Pesticides are used in intensive agriculture worldwide. An
important target organ of pesticide exposure is the immune system
[1]. Lymphocyte proliferation assays and cytokine expression have
been widely used for immunotoxicity assessment [2]. Ability of pes-
ticides to stimulate or suppress lymphocyte proliferation and cyto-
kine production, and to induce genotoxic activity and chromosomal
aberrations in cultured lymphocytes were proposed as possible
mechanisms explaining their adverse effects on immune system
[3-6]. Cytokines, the important regulators of immune function play
a crucial role in activation, proliferation and differentiation of lym-
phocytes. Cytokine production was altered in response to pesticide
exposure [7]. It has been shown that serum IL-2, IL-4 and TNF-o
levels are significantly raised with a decrease in IFN-y level after
pesticide exposure [7,8]. Other studies indicated that exposure to
pesticide inhibited IL-2 production by rat and mice splenocytes
[9,10]. IL-2, IFN-y and IL-10 secretion were reduced while IL-4
secretion was not altered in cultured lymphocytes in the presence
of pesticides [11].
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Several studies have also provided evidence for the involvement
of reactive oxygen species and oxidative stress in pesticide immuno-
toxicity [12,13]. Some pesticides induced peroxisomal B-oxidation
increasing the intracellular production of H,O, and other reactive
oxygen species, leading to alterations in cell signaling pathways
involved in cell growth and cell death [13-15].

Mancozeb and Metribuzin are the most widely used pesticides
in Algeria. Mancozeb is a dithiocarbamate fungicide used against
fungal diseases of field crops and fruits. Mancozeb was found to
have toxic effects in experimental animals including histopatholo-
gical changes in the liver and adrenal gland, renal necrosis, inflam-
matory cell infiltration, chromosomal aberrations and skin tumors
[16-18]. Immunomodulatory effects of Mancozeb were observed
with an increase in T-lymphocyte proliferation and PHA-induced
IL-2 production in Mancozeb-exposed agricultural workers [19].
Mancozeb inhibited TNF alpha production by interfering with
LPS-induced ROS generation [20], and induced an oxidative stress
in rats [17,18]. However, no study has reported immunomodula-
tory effects of Mancozeb on ConA-induced Th1 and Th2 cytokine
expression. Given the key role of T helper (Th)1-type and Th2-type
cytokines in mounting appropriate immune responses to patho-
gens and also in diseases, it seems important to understand more
fully the influence of pesticides in modulating the production of
both Th1-type and Th2-type cytokines.
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Metribuzin s a selective triazinone herbicide used mostly on veg-
etable crops. There is evidence from animal studies that Metribuzin
may cause adverse health effects, such as liver enzyme activities,
histopathological changes, kidney alterations, endocrine modifica-
tions and fetus toxicity [21,22]. No animal studies have addressed
the immunotoxic effects of Metribuzin although immunomodulator
effects were seen with other herbicides such as atrazine [23].

Therefore, in the current study we investigated the in vitro effects
of Mancozeb and Metribuzin on mitogen-stimulated proliferation,
Th1- and Th2-type cytokine production and oxidant/antioxidant
status of human blood and rat spleen lymphocytes. Both prolifera-
tion and cytokine release are considered to be very relevant to inves-
tigate the toxicity towards the immune system [2]. The in vitro
micronucleus test was used to test if Mancozeb and Metribuzin
induce DNA damage.

2. Materials and methods
2.1. Materials, blood and spleen samples

Human peripheral blood cells and rat splenocytes were used as
the test system, and the commercial fungicide Mancozeb and
herbicide Metribuzin (obtained from INRAA, Algeria) as the test
substances (Nos. CAS mancozeb 8018-01-7 and CAS metribuzine
21087-64-9).

Peripheral blood was obtained from eight healthy non-smoking
male (aged 25 years) donors, under no medication or food supple-
ments intake and free of any known exposure to genotoxic agents.
Fasting venous blood samples were collected in heparinized tubes.
These samples were used for immediate lymphocyte isolation. The
purpose of the study was explained to the volunteer subjects and
their consent was obtained. The protocol was approved by the eth-
ical committee of the Tlemcen-University Hospital.

Adult Wistar rats, 10-12 weeks of age and weighing 250-320 g,
were obtained from IFA-CREDO (Lyon, France). They were housed in
wood-chip bedded plastic cages with free access to food and water
with a 12/12 light-darkness cycles and at ambient temperature of
20-25 °C. Eight male rats were anesthetized by intraperitoneal
administration of sodium pentobarbital (0.2 ml/100 g body weight).
The abdominal cavity was opened, whole blood was drawn from the
abdominal aorta, and spleens were removed. The study was con-
ducted in accordance with the national guidelines for the care and
use of laboratory animals.

2.2. Lymphocyte proliferation assay

Peripheral blood lymphocytes were isolated from heparinized
venous blood using differential centrifugation (400g for 40 min)
on a density gradient of Ficoll-Paque (Pharmacia Biotech, Sweden,
UK). The peripheral blood lymphocytes (PBL) at the interface of plas-
ma and Ficoll-Paque were collected and washed twice with RPMI
1640 culture medium (Gibco, USA). After washing and counting,
the cells were resuspended in a tissue culture medium at
4 % 10° cells/ml concentration. For proliferation assay, 4 x 10° cells
were cultured in triplicate in 200 pl of medium RPMI 1640 supple-
mented with 25 mM Hepes buffer, 10% heat-inactivated fetal calf
serum, L-glutamine (2 mM), 2-mercaptoethanol (5 x 107> M), pen-
icillin (100 Ul/ml) and streptomycin (100 pg/ml) with or without
mitogen. Concanavalin A (ConA, Sigma, St. Louis, MO, USA), a T-cell
specific mitogen was used at 5 pg/ml final concentration. Cultures
were grown in 96 flat-bottomed microtiter plates (Nunc, Paris,
France) and maintained at 37 °Cin a 5% CO, humidified atmosphere
for 48 h. In order to determine the effects of pesticides, lymphocytes
were incubated with different concentrations of mancozeb and
Metribuzin. The pesticides were initially dissolved in DMSO (final

solvent concentration <1%) and prepared immediately before use.
The concentrations of each pesticide were adjusted in complete
RPMI 1640 culture medium to yield the appropriate final concentra-
tion (1-100 uM). The doses were chosen, referring to the the ADI
(admissible daily intake) and below NOAELs (no-observed adverse
effect levels) to mimic human exposure to pesticides [24,25]. After
incubation, cells were harvested by washing with RPMI 1640 med-
ium. Cell viability was controlled by using a trypan blue exclusion
test, and was unaffected by the pesticide concentrations used in
our experiments (over 80%). Proliferation was monitored by MTT
[3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium bromide]
(Sigma) assay as described by Mosmann [26]. The absorbance of
each sample and control (ConA-free medium, with DMSO) was read
on a spectrophotometer at 565 nm.Stimulation index (PI) was
calculated as follows:

SI = (optical density of mitogen-stimulated cells/optical density
of non-stimulated cells) x 100[27].SIwas expressed as pourcentage
of the control.

2.3. Isolation and preparation of splenic T-cells

The removed spleens were immediately transferred to the petri
dishes containing complete RPMI 1640. The spleens were teased
apart using a wire gauge. The number of viable cells was determined
using the trypan blue exclusion test. After centrifugation (2000g for
5 min), the cells were resuspended in phosphate-buffered saline
(PBS), pH 7.4, and placed in a sterile petri dish for 1 h at 37 °C to
remove the macrophages by adherence. The unadhered cells were
decanted and centrifuged (2000g for 5 min) once with PBS-contain-
ing bovine serum albumin (BSA) (2 g/l BSA) and were transferred to
the petri dishes, which were previously coated with antirat immu-
noglobulin (IgG) (37.5 mg/15 ml) overnight at 4 °C. Hence, selective
depletion of B-lymphocytes was accomplished because they
adhered to the substratum of the petri dishes. After an incubation
of 1h at 4°C, T-lymphocyte-rich supernatant was decanted and
centrifuged (200g for 5 min) twice with PBS-BSA and resuspended
in the complete RPMI 1640 at 4 x 10° cells/ml concentration, as pre-
viously described [28]. The T-cell viability was again checked by
employing the trypan blue test. Spleen lymphocytes were cultured
with or without Concanavalin A, in the presence of pesticides using
the same protocol used for human lymphocytes.

2.4. Interleukin-2, -4 and INFy quantification

Aliquots of culture supernatants were used to quantitate inter-
leukins (IL-2, IL-4) and interferon-y (INFy) by using commercially
available ELISA kits (R & D System, Oxford, UK), as per instructions
furnished with. The results are expressed as pg/ml. The Th1/Th2 ra-
tio was determined as the IFNy/IL-4 ratio.

2.5. Lymphocyte oxidant/antioxidant markers

2.5.1. GSH measurement

Glutathione (GSH) levels were measured using a Bioxytech
GSH-400 kit (OXIS International, Inc., Portland, OR, USA) as per
the manufacturer’s protocol. Briefly, cells were resuspended 5%
(w/v) metaphosphoric acid and were homogenized. After centrifu-
gation of the homogenate at 3000g for 10 min, the supernatant was
transferred to 200 mM potassium phosphate containing 0.2 mM
diethylenetriamine pentacetic acid and 0.025% (w/v) lubrol. Then
chromogenic reagent was added, and the mixture was incubated
at 25 °C for 10 min in the dark. The absorbance at 400 nm was
measured, and the GSH concentration was then determined with
the GSH standard curve.
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2.5.2. Determinations of lymphocyte antioxidant enzyme activities
After different incubations and cell collection, lymphocytes
were washed once, resuspended in chilled 10 mM phosphate buf-
fer (pH 7.0) containing 0.15 M NaCl, sonicated for 30 s and then
centrifuged at 15,000g for 20 min. Aliquots of the supernatant frac-
tions were used to determine the activities of catalase and the total
activity of Superoxide dismutase (Cu, Zn-SOD and
Mn-SOD) according to established methods. Briefly, Catalase
(CAT, EC 1.11.1.6) activity was measured by spectrophotometric
analysis of the rate of hydrogen peroxide decomposition at
240 nm [29]. Enzyme activity was expressed as U/mg of protein.
The activity of the total SOD was measured by the NADPH oxida-
tion procedure [30] and expressed as units of SOD per mg of pro-
tein. Protein content was determined using a Lowry protein Kit.

2.5.3. Determination of lymphocyte hydroperoxides

To determine markers of lipid peroxidation, hydroperoxides
were measured, in sonicated lymphocyte supernatant, by the fer-
rous ion oxidation-xylenol orange assay (Fox2) in conjunction with
a specific ROOH reductant, triphenylphosphine (TPP) using a Per-
oxiDetect kit (Sigma, St. Louis, MO, USA) according to manufac-
ture’s instructions. Calibration was done with standard peroxides
such as hydrogen peroxide, measured spectrophotometrically at
560 nm.

2.5.4. Determination of lymphocyte carbonyl proteins

Carbonyl proteins (markers of protein oxidation) were assayed
in sonicated lymphocyte supernatant by the 2,4-dinitrophenyl
hydrazine reaction as described previously [31].

2.6. Micronucleus (MN) assay

The MN assay is used as a fast and reliable assay for detecting
genotoxic effects of the compound investigated. For the MN assay,
after 24 h of incubation, cytochalasin B (Sigma) was added to the
cultures at a concentration of 6 pg/ml to block cytokinesis. Follow-
ing additional 24 h of incubation at 37 °C, the cells were collected
by centrifugation and treated for 3 min with a mild hypotonic solu-
tion (75 mM KCl) followed by fixation with a fresh methanol/acetic
acid mixture (3:1 v/v). Cells were stained with Giemsa (pH 6.8).
Micronuclei were scored in 2000 binucleated lymphocytes with
well-preserved cytoplasm per incubation, following the estab-
lished criteria for MN evaluation [32].

2.7. Statistical analysis

Data are expressed as means + SD. Statistical analysis was car-
ried out using STATISTICA, version 4.1 (Statsoft, Paris, France). Mul-
tiple comparisons were performed using ANOVA followed by the
LSD (least significant difference) test. P < 0.05 was considered to
represent significant statistical differences.

3. Results

3.1. Effects of pesticides on in vitro human and rat lymphocyte
proliferations

The mean mitogen stimulated lymphocyte proliferations as
expressed by stimulation index, co-cultured with or without
Mancozeb or Metribuzin, are shown in Fig. 1. We observed that
Mancozeb had no effect on stimulated human lymphocyte prolifer-
ation at the concentration of 1 uM. However, concentrations 5, 10,
25, 50 and 100 pM of Mancozeb induced a significant inhibition of
ConA-stimulated human lymphocyte proliferation in a dose-
dependent manner. Rat spleen lymphocytes were more sensitive
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Fig. 1. In vitro influence of different concentrations of Mancozeb and Metribuzin on
the proliferative response (stimulation index) of human lymphocytes and rat
splenocytes stimulated by mitogen ConA. Cells were incubated in the presence of
the following agents: concanavalin A (ConA, 5 pg/ml), Mancozeb (1-100 uM) or
Metribuzin (1-100 uM) for 48 h. Stimulation index was expressed as pourcentage
of the control. The values are means * SD of triplicate assays from 8 healthy subjects
and from spleens of 8 rats. Multiple comparisons were performed using ANOVA
followed by the least significant difference (LSD) test, with *P < 0.05 and **P < 0.01
vs. cells treated with ConA alone.

to Mancozeb; the reduction of stimulation index was apparent
and occurred at 1 pM and continued to fall as the Mancozeb con-
centrations were increased, reaching a significant maximal inhibi-
tion at 100 pM.

The effects of Metribuzin on lymphocyte proliferation were
different from those of Mancozeb; human and rat lymphocytes
were affected to the same degree. Metribuzin at concentration
between 1 and 10 M resulted in an activation of ConA-stimulated
lymphocyte proliferation as shown by the increase in the stimula-
tion index. However, Metribuzin at concentration between 25 and
100 uM significantly reduced lymphocyte proliferations in a dose-
dependent manner.

3.2. Effects of pesticides on cytokine production

To determine the Th1 and Th2 phenotype, the secretion of cyto-
kines (IL-2, IL-4 and INFy) was examined at 48 h of culture (Figs. 2
and 3). Human and rat splenic T-lymphocyte Th-1 (IL-2 and IFNY)
and Th-2 (IL-4) cytokine secretions were altered in the presence of
Mancozeb and Metribuzin. IL-2, IFNy and IL-4 productions were
significantly decreased by Mancozeb in a progressive dose-related
manner (Fig. 2). In addition, the Th1/Th2 ratio measured as the ra-
tio IFNvy/IL-4 was significantly increased as the Mancozeb concen-
trations increased; the highest values were observed at 100 pM
(Table 1).

A dichotomic effect on cytokine production was observed with
Metribuzin depending on the concentration used (Fig. 3). In fact, hu-
man and rat lymphocyte IL-2, IFNY and IL-4 secretions were signif-
icantly enhanced by Metribuzin at 1, 5 and 10 uM. However, at 25,
50 and 100 puM, Metribuzin induced a significant and progressive
reduction in lymphocyte cytokine secretions. The IFNvy/IL-4 ratio
was unaffected by Metribuzin at 1-50 uM but it was significantly
increased by Metribuzin at 100 pM.
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Fig. 2. Th1 (IL-2, INFy) and Th2 (IL-4) cytokine secretion by ConA-stimulated T
lymphocytes in the presence of Mancozeb. Cells were incubated in the presence of
the following agents: concanavalin A (ConA, 5 pg/ml), Mancozeb (1-100 uM) or
Metribuzine (1-100 pM) for 48 h. The values are means + SD of triplicate assays
from 8 healthy subjects and from spleens of 8 rats. Multiple comparisons were
performed using ANOVA followed by the least significant difference (LSD) test, with
*P < 0.05 and **P < 0.001 vs. cells treated with ConA alone.

3.3. Effects of pesticides on T lymphocyte oxidant/antioxidant status

3.3.1. Cellular GSH, hydroperoxide and carbonyl protein contents of
stimulated lymphocytes

As shown in Table 2, human and rat lymphocyte intracellular
glutathione (GSH) levels were not sensitive to Mancozeb adding
in the medium at the concentrations of 1, 5 and 10 pM. How-
ever, at higher concentrations (25-100 uM), Mancozeb induced
a significant reduction in lymphocyte GSH contents in a dose-
dependent manner. Addition of Mancozeb in the culture medium
(1-100 uM) produced significant increases in human and rat
lymphocyte hydroperoxide (markers of lipid peroxidation) and
carbonyl protein (markers of protein oxidation) levels in a
dose-dependent fashion.

Metribuzin has no effects on human and rat lymphocyte intra-
cellular GSH, hydroperoxide and carbonyl protein levels at low
concentrations (1-10 pM) while it induced a significant decrease
of GSH and an increase in hydroperoxide and carbonyl protein
contents at high concentrations (25-100 pM).

3.3.2. Lymphocyte cellular antioxidant enzyme activities

As shown in Table 3, catalase activity was significantly en-
hanced in T lymphocytes from humans and rats in the presence
of Mancozeb at 1-100 uM concentrations. Lymphocyte superoxide
dismutase (SOD) activity was less sensitive to Mancozeb which in-
duced a significant increase only at 100 pM.

Metribuzin had no effect on human and rat lymphocyte catalase
activity at 1-10 pM. However, it stimulated catalase activity at
25-100 pM. SOD activity was also less sensitive to Metribuzin with
a significant rise in its activity only at 100 pM.
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Fig. 3. Th1 (IL-2, INFy) and Th2 (IL-4) cytokine secretion by ConA-stimulated T
lymphocytes in the presence of Metribuzin. Cells were incubated in the presence of
the following agents: concanavalin A (ConA, 5 png/ml), Mancozeb (1-100 uM) or
Metribuzin (1-100 pM) for 48 h. The values are means * SD of triplicate assays from
8 healthy subjects and from spleens of 8 rats. Multiple comparisons were
performed using ANOVA followed by the least significant difference (LSD) test,
with *P < 0.05 and **P < 0.001 vs. cells treated with ConA alone.

3.4. Micronucleus formation

Only concentrations of 50 and 100 uM of Mancozeb and of
Metribuzin induced a significant increase in the micronucleus
(MN) frequency in both human and rat lymphocytes (Table 4). In
contrast, no differences in the MN frequency were found between
1 and 25 pM of Mancozeb or of Metribuzin and control.

4. Discussion

In the present study, the effects of in vitro exposure to different
concentrations of Mancozeb (fungicide) and of Metribuzin (herbi-
cide) were evaluated in human and rat spleen lymphocytes. In vitro
lymphocyte proliferation and cytokine production are a useful tech-
nique to evaluate lymphocyte function. ConA represents the most
powerful mitogen for lymphocyte stimulation. Immunomodulation
may result in suppression or stimulation of lymphocyte prolifera-
tion, cytokine secretion and/or in the homeostasis between Th1 (cell
mediated) and Th2 (humoral) lymphocytes. Our results showed that
Mancozeb and Metribuzin, at the concentrations used in our exper-
iment (1-100 uM), have in vitro an important modulatory effects on
cell mediated and humoral immune responses, with similar toxic-
okinetic profiles in human and rat spleen lymphocytes; the latter
being more sensitive. The relationships between these effects and
the ability of these pesticides to induce an intracellular oxidative
stress are evident at high concentrations (50 and 100 uM). To the
best of our knowledge, the immunomodulating activities of these
two pesticides and their effects on lymphocyte antioxidant/oxidant
status have not been documented previously. We observed that
in vitro Mancozeb significantly reduced lymphocyte proliferation
in both human and rat spleen lymphocytes in a dose-dependent
manner. The immuno-suppressive action was more pronounced at
100 uM. The sensitivity of rat splenocytes to the fungicide used
was higher than that of human lymphocytes. Similar changes were
also reported in cell culture following exposure to others pesticides
[33]. A decrease in lymphocyte activation with mitogens was
observed after pesticide exposure [5]. The proliferative response
of other cells such as astrocytes was significantly slower after
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Table 1

Th1/Th2 ratio (INFy/IL-4) in ConA-stimulated T lymphocytes in the presence of pesticides.

Mancozeb

Metribuzin

Human lymphocytes

Rat splenocytes

Human lymphocytes Rat splenocytes

INFy/IL-4

ConA 9.25+0.86 17.80£1.33 9.25+0.86 17.80+1.33
ConA+1pM 11.95 £ 0.62* 22.79+1.25° 10.11+0.93 17.72 £1.42
ConA+5 pM 11.20 £ 0.64* 2245+131* 9.86 +0.63 17.50 £1.31
ConA +10 uM 1239+ 1.02* 23.90+127 9.70£0.72 17.25+1.27
ConA +25 uM 13.73 £ 117 27.50 +1.08* 975+ 0.68 17.67+1.34
ConA + 50 uM 1530 £ 1.06™ 29.70 + 1.45* 10.08 £ 0.91 17.19£1.05
ConA + 100 uM 16.05 £ 1.14™ 39.81+1.17* 13.80 £ 1.04"™ 20.03 +1.26*

Cells were incubated in the presence of the following agents: concanavalin A (ConA, 5 pg/ml), Mancozeb (1-100 pM) or Metribuzin (1-100 pM)
for 48 h. The values are means + SD of triplicate assays from 8 healthy subjects and from spleens of 8 rats. Multiple comparisons were performed
using ANOVA followed by the least significant difference (LSD) test, with *P < 0.05, **P < 0.01 and ***P < 0.001 vs. cells treated with ConA alone.

Table 2

Cellular GSH, hydroperoxide and carbonyl protein contents of stimulated T lymphocytes in the presence of pesticides.

Mancozeb

Metribuzin

Human lymphocytes

Rat splenocytes

Human lymphocytes Rat splenocytes

GSH(nM/105cells)

ConA 14.50+2.11 16.75 + 1.02 14.50+2.11 16.75 + 1.02
ConA+1pM 14.11 £2.02 16.33 + 1.66 13.26 +1.54 16.02 +1.22
ConA +5 iM 14.15+1.65 15.73 +1.54 13.54 +1.32 15.78 +1.31
ConA + 10 uM 14.24+1.28 15.42 + 1.43 13.18+1.26 15.62 +1.30
ConA +25 pM 12.05 +1.01* 13.41+£1.27* 10.02 + 1.03* 13.11+1.11*
ConA +50 pM 10.73 +1.03** 1322 +1.31* 9.45 + 1.02* 12.35+1.27*
ConA + 100 uM 9.36 +1.10** 13.07 +1.02* 7.73 £0.76™ 10.45 + 1.05*
HYDP (nM/10° cells)

ConA 1.72+0.13 2.08+0.21 1.72+0.13 2.08+0.21
ConA +1 pM 2,67 +0.22* 3.42+0.25" 1.78 £0.22 2224023
ConA +5 M 3.44 +0.30 3.68 +0.32* 1.80+0.25 2.3140.15
ConA + 10 pM 3.83 +0.25* 4.56 +0.34** 1.86+0.16 2274027
ConA + 25 pM 4,52 +0.26™ 5.22 +0.28" 3.11+0.32* 3.55+0.31*
ConA + 50 uM 5.22+0.18* 5.61+0.22* 3.42 +0.28" 3.67 +0.34"
ConA + 100 uM 6.78 +0.24"* 7.03 £0.30** 447 +0.24" 4.31+0.28"
PCAR (nM/10° cells)

ConA 2.36 +0.45 1.44+0.25 2.36 £0.45 1.44 +0.25
ConA+1puM 3.40+0.33* 2.75+0.31* 248 +0.33 1.56 +0.26
ConA +5 M 433 +0.41" 3.22+0.27* 2.56+0.35 1.58+0.21
ConA + 10 uM 5.66 + 0.28™ 3.59 +0.32* 2.68+0.27 1.76 £0.31
ConA + 25 uM 6.83 £0.36™ 456 +0.24" 4,07 +0.48" 3.56 + 0.29*
ConA +50 pM 8.45 + 0.35"* 5.82 +0.35" 4,63 +0.43* 3.81+0.30"
ConA + 100 uM 9.56 + 0.40** 6.75 + 0.37** 5.42 +0.37* 4.84 +0.33"

Legends: see Table 1.

Mancozeb treatment [34]. Indeed, the relative sensitivity of rodent
splenocytes to different poisons has been found higher or equal to
that of human lymphocytes [35]. Our results showed that the addi-
tion of Metribuzin to the culture medium at low concentrations
(1-10 uM) resulted in a significant activation of ConA lymphocyte
proliferation in both human and rat spleen cells. However, at high
concentrations (25-100 puM), Metribuzin induced a dose-depen-
dent inhibition of lymphocyte proliferation. It was clear that this
herbicide exerted either stimulatory or inhibitory activity to the im-
mune system. This study provided evidence that the same pesticide
can exert both effects, depending on the applied concentration. It
could be speculated that the observed stimulatory and inhibitory ef-
fects of Metribuzin towards rat and human lymphocytes is related
to hormesis, a phenomenon observed with dose-response curve.
Hormesis was defined as the response of cells to an effector, with
stimulatory results at low doses and inhibitory at high doses, thus
explaining a molecule showing hormesis has the opposite effect in
small doses than in large doses [36].

In our study, the effects of the two pesticides on in vitro cytokine
production were concomitant to those on lymphocyte proliferation.
In fact, we have measured different cytokine produced by lympho-
cytes to assess Th1/Th2 functional properties of lymphocytes.

Measurement of cytokine production has been used previously in
different studies and has been demonstrated to be an efficient
method to detect Th1/Th2 differences. Th1 cells are mainly respon-
sible for phagocyte-mediated host defence and these cells are the
principal effectors of cell-mediated immunity, delayed-type hyper-
sensitivity reactions and chronic inflammation via Th1 cytokines
(IL-2, INFy). Th2 lymphocytes are responsible for the immune de-
fence not mediated by phagocytes, the recruitment of eosinophils
and allergic reactions promoting humoral immunity via Th2 cyto-
kines (IL-4). There are several possible mechanisms as to how
Mancozeb may exert its inhibitory effects. Firstly, it reduced IL-2
secretion by ConA-stimulated lymphocytes in a dose-dependent
manner, suggesting that the suppressed lymphoproliferation is
due in part to a reduction in IL-2 production, knowing that IL-2 is
a potent T lymphocyte growth factor. IL-4 and INFy production
was also diminished by Mancozeb. The significant decrease in IFNy
levels could enhance infection risk in pesticide exposure. There is a
change in the profile of Th1/Th2 lymphocytes after Mancozeb
exposure. We noted that while Mancozeb induced a decrease in
the synthesis of both IL-2, [FNy and IL-4 synthesis within lympho-
cytes, a Th1-like response was nevertheless dominant reflecting
probably the inflammatory effect of Mancozeb. Previous studies
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Table 3

Cellular antioxidant enzyme activities of stimulated T lymphocytes in the presence of pesticides.

Mancozeb

Metribuzin

Human lymphocytes

Rat splenocytes

Human lymphocytes Rat splenocytes

Catalase (U/mg)

ConA 20.50 £2.26 30.53 +3.66 20.50 £2.26 30.53 £3.66
ConA+1uM 25.66 + 1.64* 35.83+3.25 2034 +2.24 31.02 £2.08
ConA +5 uM 32.16+2.11* 43.02 +2.77* 20.05+1.88 30.84 +£2.53
ConA +10 uM 35.74 £ 2.46* 45.92 +2.06* 19.87 £2.17 30.22+2.44
ConA + 25 uM 42.31 +3.05*" 56.11 £ 3.20™ 38.66 = 2.46" 42.50 +1.75*
ConA + 50 pM 46.37 +3.17* 58.05 +3.05** 40.11 £1.53* 50.03 £2.82*
ConA + 100 pM 48.22 +3.08™* 60.33 £ 3.66™ 49.53 +2.61* 60.62 +2.21*
SOD (U/mg)

ConA 89.32+£6.63 122.27 + 8.46 89.32+6.63 122.27 + 8.46
ConA+1 M 88.56 £ 5.44 12034 +6.72 91.11+7.02 121.50+7.77
ConA+5 uM 88.63 £5.68 125.72+7.23 90.34 +6.88 120.06 +8.25
ConA + 10 uM 87.46 £ 6.33 122.05 +8.05 91.50 £ 8.45 122.42 +8.50
ConA + 25 uM 90.50 £ 6.02 12426 +7.26 102.74 + 8.28 125.63 £ 8.02
ConA + 50 uM 92.25+4.26 130.11 £6.81 100.32 +8.55 130.84 +7.64

ConA + 100 uM 132.44 + 538

168.28 + 6.50"

155.57 +6.43" 173.11 £6.33"

Cells were incubated in the presence of the following agents: concanavalin A (ConA, 5 pg/ml), Mancozeb (1-100 uM) or Metribuzin (1-100 pM)
for 48 h. The values are means + SD of triplicate assays from 8 healthy subjects and from spleens of 8 rats. Multiple comparisons were performed
using ANOVA followed by the least significant difference (LSD) test, with *P < 0.05 and **P < 0.01 vs. cells treated with ConA alone.

Table 4
Induction of micronuclei by pesticides in stimulated T lymphocytes.

MN (%) Human lymphocytes Rat splenocytes
Mancozeb

ConA 4+2 5+2
ConA+1uM 5%2 6+1
ConA +5 uM 6+1 5+1
ConA +10 uM 71 71
ConA +25 uM 7+2 71
ConA + 50 uM 15+2* 20+2*
ConA + 100 pM 26 +3* 32+4*
Metribuzin

ConA 4+2 5+2
ConA+1 uM 6+2 7+3
ConA +5 M 6+1 742
ConA +10 uM 7+2 7+1
ConA +25 uM 7+1 8+1
ConA + 50 uM 121" 18 £2*
ConA + 100 uM 18 £2** 26 +3**

Cells were incubated in the presence of the following agents: concanavalin A (ConA,
5 pg/ml), Mancozeb (1-100 pM) or Metribuzin (1-100 pM) for 48 h. The values are
means + SEM of triplicate assays from 8 healthy subjects and from spleens of 8 rats.
Micronuclei (MN) frequency was calculated for 200 binucleated cells scored for
each donor and for each case. Multiple comparisons were performed using ANOVA
followed by the least significant difference (LSD) test, with *P < 0.05 and **P < 0.001
vs. cells treated with ConA alone.

have obtained a Th1 or a Th2 response using other pesticides [37].
One possible explanation for the predominance of Th1 over Th2 in
Mancozeb cultures could be an increase in the rate of Th2 lympho-
cyte apoptosis relative to that of Th1. Since Mancozeb induced a
reduction in T-lymphocyte proliferation, potential differences in
the rate of proliferation between Th1 and Th2 lymphocytes may also
explain an imbalance of Th1/Th2 in Mancozeb exposure.
Metribuzin induced an increase in cytokine secretion (IL-2,
INFv, IL-4) by ConA stimulated lymphocytes at low concentrations,
and a reduction in these cytokines at high concentrations. The pro-
portion of lymphocytes Th1 in relation to Th2 was unaffected by
Metribuzin at 1-50 pM. However, at 100 uM, the proportion of
Th1 lymphocytes is higher than that of Th2 lymphocytes, showing
that human or spleen rat lymphocytes exposed to high concentra-
tion of Metribuzin mainly exhibit a Th1 response. An imbalance in
cytokine production was reported by several authors after herbi-
cide exposure [38]. It is possible that Metribuzin may act directly
on Th lymphocytes, inducing activation and also inhibition of cell

proliferation. Once they have been activated, Th die by apoptosis
rather than proliferating. The variation in cytokine levels in the cul-
ture supernatants may be due to variation in cytokine secretion by
the same number of cells, variation in the number of secreting cells
or by different cell subpopulations.

Several studies showed that chronic exposure to pesticides sup-
presses humoral immune response, which is associated with in-
creased excess of free radical generation [12-15,17]. Therefore,
pesticides induced oxidative stress which may contribute to its
immunotoxicity as previously reported [39]. Mancozeb was able
to alter the antioxidant system of astrocytes in culture [17].

The result of redox markers in this work revealed that there was
a oxidative stress reflected by an increase in hydroperoxides (lipid
peroxidation marker) and carbonyl proteins (protein oxidation
marker) and a significant decrease in GSH levels in human and
rat lymphocytes exposed to Mancozeb in a dose-dependent man-
ner. Oxidative stress markers were increased in Mancozeb-treated
rats [17,18]. However, a significant increase in antioxidant enzyme
activities was observed, catalase activity at 5-100 uM of Mancozeb
exposure and superoxide dismutase activity at 100 pM. Metribuzin
induced intracellular oxidative stress only at concentrations higher
than 25 pM. The variation in catalase and SOD activities after
Metribuzin exposure were similar to that found with Mancozeb.
It could be suggested that antioxidant enzyme activities are mod-
ulated by the presence and the magnitude of oxidative stress fol-
lowing pesticide exposure. Thus, the increase in catalase and SOD
activities could be adaptative responses to oxidative stress follow-
ing pesticide exposure. It was clear that the oxidant/antioxidant
status of lymphocytes from humans and spleen rats was equally
sensitive to pesticides.

Several reports suggested DNA damage in cells exposed to reac-
tive oxygen species [5,17]. The induction of MN formation (a mar-
ker of cytogenetic damage) by different pesticides has been
reported by different authors [5]. In our study, Mancozeb and of
Metribuzin induced a significant increase in the micronucleus
(MN) frequency in both human and rat lymphocytes at 50 and
100 uM. Previous studies on other pesticides at concentrations
similar to that used in our study found a significant increase in
MN frequency only for the cultures treated with the higher concen-
tration [5,40].

In conclusion, Mancozeb and Metribuzin displayed immuno-
modulatory properties depending on the concentration used.
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Mancozeb was immunosuppressive while Metribuzin was
immunostimulant at low concentrations and immunosuppressive
at high concentrations. These two pesticides modulated the pro-
duction of both Th1-type and Th2-type cytokines with a shift away
to Th1 phenotype specially at high concentrations. These altera-
tions were linked to several effects of Mancozeb and Metribuzin
on behaviour of oxidative stress biomarkers of both human and
rat spleen lymphocytes.

5. Conflict of interest
The authors have no conflicting financial interests.
Acknowledgments

This work was supported by the French Foreign Office (Interna-
tional Research Extension Grant TASSILI 08MDU723) and by the
Algerian Research Investigation Office (PNR, 2010). The authors
thank INRAA (Sidi Bel Abbes, Algeria) for providing pesticides
(Mancozeb and Metribuzin).

References

[1] E. Corsini, J. Liesivuori, T. Vergieva, H. Van Loveren, C. Colosio, Effects of
pesticide exposure on the human immune system, Hum. Exp. Toxicol. 27
(2008) 671-680.

[2] M. Carfi, A. Gennari, I. Malerba, E. Corsini, M. Pallardy, R. Pieters, H. Van
Loveren, HW. Vohr, T. Hartung, L. Gribaldo, In vitro tests to evaluate
immunotoxicity: a preliminary study, Toxicology 229 (2007) 11-22.

[3] E. Rencuzogullari, M. Topaktas, Chromosomal aberrations in cultured human
lymphocytes treated with the mixtures of carbosulfan, ethyl carbamate and
ethyl methanesulfonate, Cytologia 65 (2000) 83-92.

[4] J.F. Muniz, L. McCauley, ]. Scherer, M. Lasarev, M. Koshy, Y.W. Kow, V. Nazar-
Stewart, G.E. Kisby, Biomarkers of oxidative stress and DNA damage in
agricultural workers: a pilot study, Toxicol. Appl. Pharmacol. 227 (2008) 97—
107.

[5] C. Bolognesi, Genotoxicity of pesticides: a review of human biomonitoring
studies, Mutat. Res. 543 (2003) 251-572.

[6] EZ. Neishabouri, Z.M. Hassan, S.N. Ostad, Humoral and cellular
immunomodulation induced by propoxure in C57-bl/6 mice, Iranian J.
Pharma. Res. 3 (2004) 41-45.

[7] E. Corsini, I. Codeca, S. Mangiaratti, S. Birindelli, C. Minoia, R. Turci, B. Viviani, A.
Facchi, N. Vitelli L. Lucchi, CL. Galli M. Marinovich, C. Colosio,
Immunomodulatory effects of the herbicide propanil on cytokine production
in humans: In vivo and in vitro exposure, Toxicol. Appl. Pharmacol. 222 (2007)
202-210.

[8] V. Seth, R.S. Ahmad, S.G. Suke, S.T. Pasha, A. Bhattacharya, B.D. Banerjee,
Lindane-induced immunological alterations in human poisoning cases, Clin.
Biochem. 38 (2005) 678-680.

[9] A.M. Alluwaimi, Y. Hussein, Diazinon immunotoxicity in mice: modulation of
cytokines level and their gene expression, Toxicology 236 (2007) 123-131.

[10] J. Sun-Duck, L. Jong-Seok, M. Chang-Kiu, Carbofuran suppresses T-cell
mediated immune responses by the suppression of T-cell responsiveness,
the differential inhibition of cytokine production, and NO production in
macrophages, Toxicol. Lett. 119 (2001) 143-155.

[11] M.S. Esquivel-Senties, I. Barrera, A. Ortega, L. Vega, Organophosphorous
pesticide metabolite (DEDTP) induces changes in the activation status of
human lymphocytes by modulating the interleukin 2 receptor signal
transduction pathway, Toxicol. Appl. Pharmacol. 248 (2010) 122-133.

[12] Q. Li, T. Kawada, The mechanism of organophosphorus pesticide-induced
inhibition of cytolytic activity of killer cells, Cell. Mol. Inmunol. 3 (2006) 171-
178.

[13] M.D. Saulsbury, S.0. Heyliger, K. Wang, D. Round, Characterization of
chlorpyrifos-induced apoptosis in placental cells, Toxicology 244 (2008) 98-
110.

[14] M. Gonzdlez, S. Soloneski, M.A. Reigosa, M.L. Larramendy, Effect of the
herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) and its derivative 2,4-D
dichlorophenoxyacetic acid dimethylamine salt (2,4-D DMA), I. Genotoxic
evaluation on Chinese hamster ovary (CHO) cells, Toxicol. In Vitro 19 (2005)
289-297.

[15] S. Antherieu, N. Ledirac, A.P. Luzy, P. Lenormand, ].C. Caron, R. Rahmani,
Endosulfan decreases cell growth and apoptosis in human HaCaT

keratinocytes: partial ROS-dependent ERK1/2 mechanism, J. Cell. Physiol.
213 (2007) 177-186.

[16] F. Belpoggi, M. Soffritti, M. Guarino, L. Lambertini, D. Cevolani, C. Maltoni,
Results of long-term experimental studies on the carcinogenicity of ethylene-
bis-dithiocarbamate (Mancozeb) in rats, Ann. N.Y. Acad. Sci. 982 (2002)
123-136.

[17] G. Calviello, E. Piccioni, A. Boninsegna, B. Tedesco, N. Maggiano, S. Serini, F.I
Wolf, P. Palozza, DNA damage and apoptosis induction by the pesticide
Mancozeb in rat cells: involvement of the oxidative mechanism, Toxicol. Appl.
Pharmacol. 211 (2006) 87-96.

[18] S.A. Sakr, Ameliorative effect of ginger (Zingiber officinale) on Mancozeb
fungicide induced liver injury in Albino rats, Australian J. Bas. Appl. Sci. 1
(2007) 650-656.

[19] E. Corsinia, S. Birindellib, S. Fustinonic, G. De Paschaled, T. Mammoneb, S.
Visentinb, C.L. Gallia, M. Marinovicha, C. Colosio, Immunomodulatory effects
of the fungicide Mancozeb in agricultural workers, Toxicol. Appl. Pharmacol.
208 (2005) 178-185.

[20] E. Corsinia, B. Viviani, S. Birindelli, F. Gilardi, A. Torri, I. Codeca, L. Lucchi, S.
Bartesaghi, C.L. Galli, M. Marinovich, C. Colosio, Molecular mechanisms
underlying mancozeb-induced inhibition of TNF-alpha production, Toxicol.
Appl. Pharmacol. 212 (2006) 89-98.

[21] W.P. Porter, S.M. Green, S.M. Debbink, I. Carlson, Groundwater pesticides:
interactive effects of low concentrations of carbamates, aldicarb and
methomyl and the triazine metribuzin on thyroxine and somatotropin levels
in white rats, J. Toxicol. Environ. Health 40 (1993) 15-34.

[22] USEPA, Health Effects Support Document for Metribuzin. Office of Water, EPA
Report 822-R-03-004, 2003, p. 84.

[23] A.M. Rowe, K.M. Brundage, ].B. Barnett, In vitro atrazine-exposure inhibits
human natural Killer cell lytic granule release, Toxicol. Appl. Pharmacol. 221
(2007) 179-188.

[24] European commission health & consumer protection directorate-general,
Chemicals, contaminants and pesticides, Mancozeb, SANCO/4058/2001 -
Rev. 4.4 July, 2009.

[25] European commission health & consumer protection directorate-general,
Chemicals, contaminants and pesticides, Metribuzin, SANCO/10051/2006 -
Rev. 1.1 November, 2006.

[26] T. Mossman, Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays, J. Immunol. Methods 65
(1983) 55-63.

[27] M. Moussa, J. Tkaczuk, J. Ragab, ]J. Garcia, M. Abbal, E. Ohayon, ]. Ghisolfi, J.P.
Thouvenot, Relationship between the fatty acid composition of rat
lymphocytes and immune functions, Br. J. Nutr. 83 (2000) 327-333.

[28] B. Guermouche, A. Yessoufou, N. Soulimane, H. Merzouk, K. Moutairou, A.
Hichami, K.A. Khan, N-3 fatty acids modulate t-cell calcium signaling in obese
macrosomic rats, Obes. Res. 12 (2004) 1744-1753.

[29] H. Aebi, Catalase, in: H.U. Bergmeyer (Ed.), Methods of Enzymatic Analysis,
2nd ed., Verlag Chemie GmbH, Weinheim, 1974, pp. 673-684.

[30] EF. Elstner, RJ. Youngman, W. Obwald, Superoxide dismutase, in: H.U.
Bergmeyer (Ed.), Methods of Enzymatic Analysis, 3rd ed., Verlag Chemie
GmbH, Weinheim, 1983, pp. 293-302.

[31] R.L. Levine, D. Garland, C.N. Oliver, A. Amici, I. Climent, A.G. Lenz, B.W. Ahn, S.
Shaltiel, E.R. Stadtman, Determination of carbonyl content in oxidatively
modified proteins, Methods Enzymol. 186 (1990) 464-478.

[32] M. Fenech, W.P. Chang, M. Kirsch-Volders, N. Holland, S. Bonassi, E. Zeiger,
HUMN project: detailed description of the scoring criteria for the cytokinesis-
block micronucleus assay using isolated human lymphocyte cultures, Mut.
Res. 534 (2003) 65-75.

[33] G. Mehta, S.P. Singh, S.K. Pandey, LD. Sharma, Cytotoxic response of
endosulfan and chlorpyrifos pesticides in poultry lymphocyte culture,
Toxicol. Intern. 15 (2008) 97-101.

[34] M.T. Tsang, L.D. Trombetta, The protective role of chelators and antioxidants
on mancozeb-induced toxicity in rat hippocampal, Toxicol. Indust. Health 23
(2007) 459-463.

[35] G. Steiblen, T. Orsiere, C. Pallen, A. Botta, D. Marzin, Comparison of the relative
sensitivity of human lymphocytes and mouse splenocytes to two spindle
poisons, Mut. Res. Gen. Toxicol. Environ. Mut. 588 (2005) 143-151.

[36] M.A. Murado, J.A. Vazquez, The notion of hormesis and the dose-response
theory: a unified approach, J. Theor. Biol. 224 (2007) 489-499.

[37] P. Duramad, L.B. Tager, ]. Leikauf, B. Eskenazi, N.T. Holland, Expression of Th1/
Th2 cytokines in human blood after in vitro treatment with chlorpyrifos, and
its metabolites, in combination with endotoxin LPS and allergen Der p1, J.
Appl. Toxicol. 26 (2006) 458-465.

[38] RJ. Hooghe, S. Devos, E.L. Hooghe-Peters, Effects of selected herbicides on
cytokine production in vitro, Life Sci. 66 (2000) 2519-2525.

[39] B.D. Banerjee, V. Seth, R.S. Ahmed, Pesticide-induced oxidative stress:
perspectives and trends, Rev. Environ. Health 16 (2001) 1-40.

[40] G. Ardito, B. Bramanti, P. Bigatti, L. Lamberti, P. Dolara, Cytogenetic effect of
Thiabendazole and Diphenylammine on cultured human lymphocytes: sister
chromatid exchanges and cell cycle delay, ]J. Biol. Res. 72 (1996) 171-178.



