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ABSTRACT

Organophosphate and neonicotinoid compounds belong to different pesticide families,
and are used worldwide for agricultural purposes. The potential deleterious health
effects associated with pesticide exposure during pregnancy has become a major public
health concern. The present study analyzed the effects of the organophosphate
chlorpyrifos and the neonicotinoid acetamiprid on oxidative stress biomarkers in human
umbilical cord blood erythrocytes (UCBE). The reactive oxygen species (ROS) levels,
the catalase (CAT) and superoxide dismutase (SOD) activities, the levels of 4-
hidroxynonenal (HNE) and UCBE osmotic fragility were determined.

Both pesticides modified the oxidative status of UCBE. Chlorpyrifos increased ROS
levels at 40 and 400 nM, while only decreased CAT activity at the higher concentration
assayed (400 nM), with no modification in SOD activity. The insecticide acetamiprid
increased ROS levels at all concentrations assayed, and decreased CAT and SOD
activity at 40 and 400 nM, Chlorpyrifos and acetamiprid (40 and 400 nM) modified
HNE content. Non-significant changes in UCBE osmotic fragility were induced by
chlorpyrifos or acetamiprid treatments.

In conclusion, both pesticides assayed increased ROS production and decreased anti-
oxidant enzyme activity in UCBE, even though changes were of different extent and
depended on the insecticide analyzed. Interestingly no changes in erythrocyte osmotic
fragility were registered; suggesting that the oxidative stress triggered under these
experimental conditions was not sufficient to induce a functional damage to the UCBE
membrane.

Keywords: UMBILICAL CORD BLOOD, PESTICIDES, CHLORPYRIFQOS,

ACETAMIPRID, OXIDATIVE STRESS.



1 Introduction

Following the introduction of organophosphates (OPs) as insecticides in the early
1940s, this insecticide family became the most used worldwide, mainly for agricultural
purposes [1,2]. The neonicotinoids, another insecticide family of growing importance,
are the most important chemical class of insecticides introduced to the global market
since the synthetic pyrethroids [3]. Both insecticide families, organophosphates and
neonicotinoids, are widely used to control insect pest in different crop types. The
primary mechanism of OP toxicity is acetylcholinesterase inhibition, which increases
acetylcholine. Nevertheless, other toxic effects have been observed at OP concentrations
that do not inhibit acetylcholinesterase activity [4,5]. Neonicotinoids also impact central
nervous system acting as selective agonists for the nicotinic acetylcholine receptors in
insects, however in vitro studies have demonstrated that neonicotinoids may be also
toxic to mammalian cells [6-8].

Chlorpyrifos, an OP insecticide, is a broad spectrum insecticide currently used
worldwide to control insect pests (such as cutworms, corn root worms, grubs, flea
beetles, flies, etc) on a variety of crops. Prior to June 2000, chlorpyrifos was also used
for indoor pest control in USA, but most house-hold uses were phased out by 2001 [9].
Acetamiprid is a neonicotinoid insecticidle commonly used against Hemipteran,
Thysanopteran and - Lepidopteran insect pests. It is frequently detected in agricultural

products owing to its widespread and extensive use [10].

Once pesticides are released to the environment they follow a dynamic fate which
includes gaining access not only to pest-specific target but also to non-target organisms,
such as human beings. Potential health effects associated with pesticide exposure during
pregnancy have become a major public health concern due to maternal and fetal high

sensitivity to xenobiotics. Reports indicate that toxic manifestations induced by



pesticides may be associated with an enhanced production of reactive oxygen species
(ROS) [11,12]. This later was demonstrated in human OPs exposure [13], and in
carbamate and neonicotinoid animal exposure models [14,15].

Among ROS, superoxide anions, hydroxyl radicals and hydrogen peroxide enhance the
oxidative process and induce lipid peroxidative damage in cell membranes [16,17]
altering globular resistance in red blood cells [18,19]. Cells display several mechanisms
to alleviate oxidative stress and to repair damaged macromolecules. Defense is offered
by enzymatic and non-enzymatic antioxidants which scavenge ROS, such as superoxide
dismutase (SOD), catalase (CAT) or the glutathione peroxidase system, among others.
To further delineate the role of oxidative stress in the toxicity of the OP chlorpyrifos
and the neonicotinoid acetamiprid, the effect of doses representative of human exposure
was studied on umbilical cord blood erythrocytes in vitro. Reactive oxygen species
production, anti-oxidant enzyme activity, lipid peroxidation and osmotic fragility in

umbilical cord blood erythrocytes were determined.



2. Material and methods

2.1 Reagents

Reagents were purchased from Sigma (Sigma-Aldrich, St. Louis, MO, USA), unless
otherwise stated. The OP chlorpyrifos and the neonicotinoid acetamiprid were of
standard analytical grade according to the supplier (Chem Service, West Chester, PA,

USA) with a 99.5% purity.

2.2 Sample Collection

Women in the third trimester of pregnancy were asked to participate in this study. They
were included if they had medium income level and belonged to the same ethnic group
—Hispanic. Women were excluded if they smoked, suffered from a serious chronic
disease or were medicated (except those included in Group A according to U. S. Food
and Drug Administration), or developed a pregnancy complication (i.e., gestational
diabetes, hypertension, preeclampsia). The study included twelve pregnant women with
no history of pesticide exposure, who attended to Castro Rendon Public Hospital in
Neuquén City, Argentina, and underwent cesarean deliveries.

Written informed consent was obtained from each participant. The study was conducted
in accordance with the Declaration of Helsinki of the 59™ WMA General Assembly,
guidelines for the protection of human subjects. Study protocol was approved by the
ethical committee of the local Advisory Committee of Biomedical Research in Humans.
Samples were collected immediately after delivery by venipuncture after clamping and
cutting the babies’ end of the cord. Blood collection was done into sample sterile
syringes containing heparin. Ten mL of umbilical cord blood were obtained and

refrigerated at 4°C until analysis.



2.3 Insecticide treatments

Samples were centrifuged at 3000 rpm for 5 min at 4 °C for red blood cells isolation.
Plasma and buffy coat were removed. Red blood cells were washed three times with
isotonic phosphate-buffered saline (PBS) at 4 °C and centrifuged at 1000 rpm. After the
final wash, the red blood cells were suspended in the glucose buffer (2.1 g NaCl, 0.09 g
KCI, 0.27 g Na; HPO4 (2H,0), 0.048 g, NaH, PO 4, 0.03 g MgSO4 and 0.22 g glucose
in 250 mL final volume, pH 7.4) until a hematocrit of 24% was reached.

With both pesticides separately, red blood cells suspensions were incubated at different
concentrations 4, 40 and 400 nM for 3 h at 37°C in glucose buffer. Controls were
incubated under the same conditions in presence of 0.02% DMSO. Cells were then
washed with PBS, centrifuged and 50% hematocrit (HCT) restored by dilution with
PBS. In all samples the hematological parameters of hemoglobin (Hb), total
erythrocytes and HCT were analyzed by a Cell-Dyn 1400 hematological analyzer (data
not shown).

The concentrations selected for the experimental design were in the concentration range
reported after chlorpyrifos sub-chronic exposure, and below the concentrations reported
after acetamiprid acute exposure. Chlorpyrifos concentration in serum after sub-chronic
exposure was lower than 30 ng/mL (approximately, 85 nM) [20]. Others have reported,
in  umbilical cord blood serum, a chlorpyrifos concentration of 1.33 ng/mL
(approximately, 3.8 nM) [21]. Acetamiprid concentration, in human serum, of a woman
who ingested 100 mL solution containing 2% acetamiprid was reported as 268 UM [22].

Others have reported that following an acute poisoning blood acetamiprid level was 95

UM [23].



2.4 Reactive oxygen species analysis

After exposure of umbilical red blood cells to xenobiotics, red blood cells were washed
three times with PBS, and 200 ul nitroblue tetrazolium (NBT) solution (0.01%),
containing phorbol 12-myristate 13-acetate (PMA) 0.125 uM, was added and incubated
at 37°C for 45 minutes. Red blood cells were washed twice with PBS and lysed with
250 ul of KOH (2N) and dimethyl sulfoxide (DMSO) solution. Formazan crystals were
solubilized and absorbance was recorded at 630 nm in a final volume of 0.25 mL (Rayto
TR 2100C microplate reader) and results were expressed as percentages. Assay was

performed three times, and each condition was processed as triplicate.

2.5 Catalase and Mn-superoxide dismutase activities

Catalase (CAT) (E.C.1.11.1.6) activity was determined by recording the continuous
decrease of absorbance at 240 nm. The reaction was performed in 1 mL PBS (50 mM,
pH 7.0) containing 25 mM H,0,. Baseline absorbance remained constant; to initiate the
reaction 16 pL of hemolyzed UCBE was added, at 37°C, in a final volume of 1.016 mL.
The absorbance of the reaction mixture was strictly controlled to be 1,000 absortion
units. Specific activity was expressed as mmol /min x mg protein, using a molar
extinction coefficient of 40 M~ cm' [24]. Assay was performed three times, and each
condition was processed at least as triplicate.

Mn-superoxide dismutase (SOD) (EC 1.15.1.1) activity was determined in hemolyzed
UCBE at 30°C, by the adrenochrome spectrophotometric assay at 480 nm in a reaction
medium containing 1 mM epinephrine and 50 mM glycine (pH 10) [24], in a final

volume of 1 mL. Enzyme activity was expressed as USOD/min x mg protein.



Linear conditions for all enzyme activities were previously adjusted. Assays were
performed at least three times, and all measurements were performed in triplicate and a
mean value was considered for the calculations. Protein content was quantified by the
Lowry method [25]. Enzyme activity measurements were carried out in a UV/Vis 1603

Shimadzu Spectrophotometer.

2.6 Western blot analysis

4-hydroxy-2-nonenal (HNE), is one of the major lipid peroxidation products of n-6
polyunsaturated fatty acids. HNE is a trifunctional molecule, both the hydroxy group
and the conjugate system consisting of a C=C double bond, and a carbonyl group
contribute to the high reactivity of HNE, which make it a powerful biomarker of cellular
oxidative stress [26,27].

The levels of the HNE lipid peroxidation products were determined in the erythrocyte
membrane fractions by the western blot technique according to the protocol as follows.
Equal amounts of protein (50 pg) were diluted in sodium lauryl sulfate (SDS) sample
buffer, boiled at 100°C for 5 min and loaded onto a 10% SDS-PAGE gel and run at 150
V for 1 h. After migration, proteins were electrotransferred to nitrocellulose (Bio-Rad
Laboratories) at 100 V for 1 h. The membrane was blocked in Tris buffer (25 mM Tris,
150 mM NaCl, 2 mM KCI, pH 7.4) containing 0.2% Tween 20 and 5% non-fat dry
milk, washed and incubated overnight with the primary antibody anti-HNE (1:2000)
with shaking. After washing the blots were incubated with secondary antibody anti-
rabbit peroxidase conjugated (1:5000) at room temperature for 1 h. Protein antibody

complexes were visualized by an enhanced chemiluminescence detection system [24].

2.7 Red blood cell osmotic fragility



Red blood cell osmotic fragility was carried out by adding a decreasing concentration of
NaCl solutions, and total hemolysis was achieved with distilled water incubation [28].
Soluble hemoglobin derived from lysed UCBE was measured spectrophotometrically.
Osmotic fragility was performed by plotting the hemolysis percentages versus the buffer
sodium chloride concentrations, yielding a logistic function which allowed the
determination of the buffer concentration at which specific percentages of hemolysis
were achieved. The results were expressed as NaCl concentration (g/L) at 50% and 45%
hemolysis for each group analyzed.

Buffered sodium chloride stock solution (osmotic equivalent to 10% NaCl) was
prepared by adding 90g NaCl, 14.4g Na;HPO,4 and 2.7g NaH,PO,4 H,O, diluted to 1 L
with distilled water. Different dilutions of the buffered sodium chloride solutions were
prepared to provide the equivalent of 0.80, 0.50, 0.450, 0.40, 0.30, 0.10 and 0.0 g/L of
NaCl. Each solution was placed in triplicate test tubes, and 20 pL of heparinized cord
blood were added, with a final volume of 5 mL. All the samples were mixed and
allowed to stand at room temperature for 30 min., then centrifuged at 600xg for 5 min.
Supernatants absorbance were determined at 540 nm. Assay was performed three times,

and each condition was processed as triplicate.

2.8 Statistical analysis
Results were expressed as means + SD. Comparison between groups was performed
using one-way ANOVA followed by multiple comparison post hoc test, Dunnett's test,

with a confidence level of 5%, using the Infostat® and Graphpad Prism 5® programs.



3 Results

3.1 Pesticide incubation increases reactive oxygen species production

ROS production was determined by NBT reduction assay. UCBE were incubated for 3 h
with chlorpyrifos or acetamiprid 4, 40 and 400 nM. Figure 1A shows that chlorpyrifos
40 and 400 nM significantly increases ROS production by UCBE. Figure 1B shows that
acetamiprid significantly increases ROS levels in UCBE at all concentration tested (4,

40 and 400 nm).

3.2 Pesticide incubation modulates antioxidant enzyme activity

Anti-oxidant enzyme activity was analyzed in UCBE after 3 h incubation with
insecticides. Chlorpyrifos in vitro exposure decreased catalase activity at the highest
concentration assayed (400 nM), and did not modify superoxide dismutase activity at all
the concentrations assayed (Figure 2A and 2B). Acetamiprid in vitro exposure
decreased both catalase and superoxide dismutase activities at 40 and 400 nM (Figure

2C and 2D).

3.3 Pesticide treatment modifies HNE content

HNE positive protein bands in umbilical UCBE were analyzed by western blot after 3 h
in vitro exposure to chlorpyrifos or acetamiprid. Positive band density comparison,
showed significant differences between control and chlorpyrifos or acetamiprid
treatments (Figure 3A and 3B). Chlorpyrifos treatment increased HNE band intensity at
40 and 400 nM (Figure 3A), similarly acetamiprid treatment increased HNE band

intensity at 40 and 400 nM (Figure 3B), compared with control treated UCBE.

3.4 Pesticide incubation not modifies UCBE osmotic fragility



Red blood cell osmotic fragility was then evaluated. NaCl concentrations that produced
45% and 50% hemolysis are presented in Figure 4. Non-significant changes were
observed after chlorpyrifos or acetamiprid incubation for 3 h at all concentration tested

(4, 40 and 400 nM).

4 Discussion

An adverse health impact of concern to human reproduction ‘and development is the
exposure to chemicals, including pesticides [29]. The fetus and. infant have long been
recognized as especially wvulnerable to the effects of environmental agents that disrupt
developmental processes, with possible lifelong consequences [30]. During pregnancy,
these environmental pollutants can reach the fetus crossing the placenta and triggering
oxidative stress. In this sense, pregnant women residing close to intensive application
pesticide fields have altered indicators of ~umbilical cord blood oxidative stress and
oxidative damage [31]. Moreover, -insecticide residue levels in cord blood correlated
with alterations in birth outcomes [32]. The role of oxidative stress in pesticide toxicity
has been well established [13], and has also emerged as a likely promoter of several
pregnancy-related  disorders, such as spontaneous abortions, embryopathies,
preeclampsia, fetal growth restriction, preterm labor and low birth weight [33].

Among currently used pesticides the families mainly studied are organophosphates and
pyrethroids. Toxic effects of the neonicotinoids insecticide family, although regarded as
a substitute to the organophosphate insecticides [3], have been studied to a lesser extent.
It has been postulated that pesticide toxicity may be mediated by aims of redox
imbalance. However, few studies analyze umbilical cord blood erythrocytes sensitivity
to pesticide toxicity. This study reports the effects of two insecticides, currently used

worldwide, on ROS induction, anti-oxidant enzyme activity modulation, lipid



peroxidation, and membrane integrity in UCBE in vitro. The results obtained show that
both pesticides increased ROS production by UCBE. It has been postulated that the
increase in ROS triggered by pesticides may be a result of xenobiotic metabolization
(i.e. cytochrome P450s), were ROS are generated as a byproduct [34,35]. In addition,
ROS increase may result in antioxidant homeostasis changes leading to antioxidant
depletion [13]. In this sense, SOD and CAT activity inhibition, can also be related to the
presence of free radicals such as singlet oxygen, superoxide and peroxyl radicals
[17,36]. In line with this, ROS increase in UCBE incubated with the insecticides was
accompanied by a decrease in antioxidant enzyme activities. Other authors have
reported redox imbalance and decreased anti-oxidant enzyme activity after human
erythrocytes in vitro incubation with several OP insecticides, such as chlorpyrifos-ethyl
[11], phosalone [17] and methidathion [37]. Recently Deeba et al. (2017) have reported
that exposure to chlorpyrifos at concentrations indicative of field use, decrease CAT and
SOD activities in human adult erythrocytes [34]. Results shown here demonstrate that
chlorpyrifos incubation only impacted CAT activity at the highest concentration assayed
(0.14 ppm). Differences may be due to erythrocyte origin, umbilical cord blood vs adult,
and the concentrations utilized 0.0014 to 0.14 ppm vs 100-2000 ppm.

On the other hand, acetamiprid decreased CAT and SOD activities. In this sense, it has
been reported that acetamiprid triggers oxidative stress in different cell types. On
bacteria this compound modulates SOD and CAT activities, although oxidative stress
lasted for a relatively short time and do not caused a long-term damage [36].
Deleterious effects of acetamiprid on male mice reproductive system were also
associated to a reduced activity of the antioxidant enzymes CAT, glutathione peroxidase

and SOD [38].



Erythrocyte plasma membrane is sensitive to lipid peroxidation and to oxidative
damage, due to polyunsaturated fatty acids presence among other characteristics [39].
Results indicate that both pesticides increased HNE content in UCBE. Others have also
reported an increase in the end product of lipid peroxidation malonaldehyde
concentration, after erythrocyte pesticide treatments [17,34]. Erythrocyte osmotic
fragility can be influenced by several factors that include lipid membrane peroxidation,
and any factor inhibiting or attenuating glycolysis, among others [39]. The results
shown here demonstrate that pesticides increased ROS levels, decreased anti-oxidant
enzyme activities, and augmented HNE adducts. Nevertheless, the concentrations and
time analyzed were not sufficient to alter UCBE osmotic fragility. Others have reported
that OP, at highest concentrations that the ones assayed here, impact redox balance in
adult erythrocytes with changes in osmotic fragility [19,40]. There have been
conflicting reports about the relative osmotic fragility of red blood cell in newborns and
adults. Some reports contend that fetal red blood cells are more resistant to hemolysis
than adult red blood cells, emphasizing the presence of a subpopulation of osmotically
resistant cells in cord blood [41,28]. The current work does not ment to compare
umbilical cord blood vs adult erythrocytes, however under an oxidative stress condition
induced by both insecticides, non-significant changes in red cell hemolysis were
observed.

Our results demonstrate that chlorpyrifos induced ROS at 40 and 400 nM and decreased
CAT activity at 400 nM, changes in HNE content were observed at 40 and 400 nM. In
contrast, acetamiprid exposure at 4, 40 and 400 nM increased ROS, and decreased CAT
and SOD activities at 40 and 400 nM, while increased HNE content at the higher
acetamiprid concentrations. Nevertheless, neither chlorpyrifos nor acetamiprid were

able to alter UCBE osmotic fragility in the tested conditions. Other antioxidant defense



mechanisms present in red cells such as glutathione content and glutathione peroxidase
enzyme, which were not evaluated in this work should be also implicated in the effects

induced by the insecticides.

5 Conclusion

The present study demonstrates for the first time the ability of chlorpyrifos and
acetamiprid to increase ROS production and to decrease anti-oxidant enzyme activity in
UCBE. Interestingly no changes in erythrocyte osmotic fragility were registered,;
suggesting that the oxidative stress triggered under this experimental condition was not

sufficient to induce a functional damage to the erythrocyte membranes.
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Figure Legends

Figure 1: Reduction of NBT (%) in umbilical red blood cells treated with
Chlorpyrifos (A) and Acetamiprid (B) for 3 h. Red blood cells were treated with 4,
40 and 400 nM of pesticide or diluent DMSO 0.02% (CONTROL). Data are expressed
as percent reduction of NBT relative to the control group. The mean + SD of three
independent experiments performed in triplicate is shown. ANOVA-Tukey. ** p <0.01;

*% 1) <0,001, **** p <0.0001.

Figure 2: Enzymatic antioxidant defense system in umbilical red blood cells
treated with Chlorpyrifos (A, B) and Acetamiprid (C, D) for 3 h. Red blood cells
were treated with 4, 40 and 400 nM of pesticide or diluent DMSO 0.02% (CONTROL).
catalase (CAT) activity is expressed as percentage of activity (mol/min x mg protein) ,
superoxide dismutase (SOD) activity, is expressed as percentage of activity (USOD/min
X mg protein). Difference among groups was evaluated by Anova Test followed by
Dunnet s Multiple Comparison Test. *p = 0.01. The mean £ SD of three independent

experiments performed in triplicate is shown.

Figure 3: 4-hydroxy-2-nonenal (HNE)-modified proteins in umbilical red blood
cells treated with Chlorpyrifos (A) and Acetamiprid (B) for 3 h. Red blood cells
were treated with 4, 40 and 400 nM of pesticide or diluent DMSO 0.02% (CONTROL).
HNE modified proteins were determined by western blot. Equal amounts of protein (50
Hg) were tested. Results shown are representative of 3 independent experiments. Band
relative intensity was estimated by standardization with densitometry analysis (Gel Pro
Analyzer 3.2 program). Difference between groups was evaluated with one-way

ANOVA followed by Dunnet s multiple comparisons test. *p = 0.015, **** p <0.0001.



Figure 4: Osmotic fragility of umbilical red blood cells treated with Chlorpyrifos
(A, B) and Acetamiprid (C, D) for 3 h. Red blood cells were treated with pesticide (4,
40 and 400 nM) or diluent DMSO 0.02% (CONTROL). Distribution of NaCl (g/L)
concentration for 45% (A and C) and 50% (B and D) Box diagrams show the median
and 25-75 percentiles. The mean + SD of three independent experiments performed in
duplicate is shown. Error bars represent the 10 and 90 percentiles. Differences between

groups were assessed by ANOVA followed by a Dunnet multiple comparison test.
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Highlights
e Insecticides increased ROS production by umbilical cord blood erythrocytes
e Insecticides altered anti-oxidant catalase and superoxide dismutase activities
e Insecticides augmented HNE lipid peroxidation products

e Insecticides did not alter erythrocyte osmotic fragility



