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Abstract

The stability, hydrolysis and uptake of the organophosphates methyl parathion and methyl
paraoxon were investigated in SH-SY5Y cells. The stabilities of (24CH30),-methyl parathion
(14C-MPS) and 14C-methyl paraoxon (14C-MPO) at 1 uM in culture media had similar half lives
of 91.7 h and 101.9 h, respectively. However, 100 uM MPO caused greater than 95% cytotoxicity
at 24 h while 100 uM MPS caused 4-5% cytotoxicity at 24 h (~60% cytotoxicity at 48 h). Greater
radioactivity was detected inside cells treated with MPO as compared to MPS although >80% of
the total MPO uptake was primarily dimethyl phosphate (DMP). Maximum uptake was reached
after 48 h of 14C-MPS or 14C-MPO exposure with total uptakes of 1.19 and 1.76 nM/10° cells for
MPS and MPO, respectively. The amounts of MPS and MPO detected in the cytosol after 48 h
exposure time were 0.54 and 0.37 nM per 106 cells, respectively.
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Introduction

Organophosphorus (OP) insecticides 1 are a relatively safe group of agricultural chemicals

used extensively in plant and crop protection and include malathion, chlorpyrifos, parathion,

methyl parathion, and diazinon (Figure 1). Most parent OP insecticides contain the
phosphorothionate group (P=S), which renders the structure relatively safe to mammals
owing to its poor reactivity with target enzymes and other biomolecules. The thionate
linkage also confers hydrolytic stability owing to increased electron density at phosphorus.
OP insecticides can be converted from thionates 1 to oxons 2 (Figure 1) either in the

environment or in vivo and become reactive and potentially toxic following occupational or

incidental exposures by direct contact with air, food and water (1). The poor reactivity of
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406-243-5228 (Fax), charles.thompson@umontana.edu.

Safety. Organophosphates are toxic reagents and should be handled in a well-ventilated hood. Methyl parathion and methyl paraoxon

may be rendered safe by stirring with 1 N NaOH overnight at rt.
Supporting Information Description: Radioactivity counts of OP and their degradation products in cell cytosol.
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thionates is in contrast to organophosphorus warfare agents that contain the P=0 linkage
(oxons) and are highly reactive and induce rapid toxicity.

The primary mechanism of action of OP insecticides is based on their ability to inhibit
acetylcholinesterase (AChE, EC 3.1.1.7) as the reactive oxon metabolite form 2 (Figure 1)
(2). Methyl parathion (OO, -dimethyl O-4-nitrophenyl phosphorothioate) is representative of
the thionates (P=S) class of insecticides with insect and mammal toxicity due to inhibition of
AChE (2,3). Parathion itself is an inherently weak cholinesterase inhibitor with an 1Csgg in
the range of 1074 to 107> M (4) but its biotransformation to the reactive metabolite paraoxon
(5-7) affords a potent inhibitor of AChE (ICsg = 1078 M) (8). Inhibition of AChE by
paraoxon, as for most reactive OPs, occurs mechanistically with loss of the Z group (Figure
1) and results in accumulation of acetylcholine in cholinergic synapses, and excessive
stimulation of cholinergic pathways in central and peripheral nervous systems (9-11).
Although AChE is the primary target and the principle mechanism underlying toxic action,
highly reactive small molecules like methyl paraoxon and ethyl paraoxon can potentially
modify a number of biomolecules. Paraoxon toxicity at the cellular level has been shown in
immortal cell lines in vitro (12-17). Subcellular targets for the initiation of cytotoxicity have
not been fully elucidated but nuclear (18), enzymatic (14), cytoskeletal (19), and plasma
membrane (20) alterations have been described and a number of alternative protein targets
have been identified (21,22).

One significant question that remains unanswered about OP insecticide toxicity is if there
are differences in the ability or rate of the structurally-similar thionate and oxon forms to
penetrate cells. If this question could be answered, investigators could gain a clearer
understanding of the individual or interdependent role of thionate and oxon forms of an
insecticide to modify intracellular or extracellular protein targets and alter biochemical
pathways that lead to toxicity. Since the conversion of thionate to oxon occurs with most
thionate OP insecticides, the study of cell membrane penetration is of broad and significant
impact. A differential study of cell penetration is further warranted to address a number of
hypotheses regarding cell culture studies with various thionate-oxon structures. For
example, toxic effects due to OP exposure likely begin with covalent modification
(adduction) of a protein by the oxon (21). Owing to the relatively high reactivity and
hydrolytic instability it is presumed that OP oxons would not be found at appreciable
concentrations within cells as compared to the thionate owing to lower lipophilicity. Support
for this supposition is indicated in calculations of partition coefficients in which methyl
parathion (CLogP = 2.79; Log Py, = 3.0) (23) and methyl paraoxon (CLogP = 1.38; Log
Ponw = 1.6 for ethyl paraoxon) (24) show a 20-fold difference suggesting that the thionate
could more readily penetrate cell membranes by passive diffusion mechanisms. However,
alternative mechanisms could enable oxons access to intracellular targets.

Given the reactivity, aqueous instability and lower ClogP of oxons as compared to thionates,
it has been presumed that cell penetration is somewhat limited. However, it is important to
recognize that OP insecticide toxicity represents exposure to both thionate and oxon forms
and an understanding of cell penetration by these structures is important to validate and
identify new protein targets, their localization and distribution. Moreover, the fractional
concentration of extracellular and intracellular amounts of thionate and oxon may play an
important role in the mode of toxic action. In this paper, the stability, uptake and hydrolysis
of doubly-labeled methyl parathion and methyl paraoxon was conducted in SH-SY5Y cells
so that the key structural difference between OP insecticide (thionate) and its primary
metabolite (oxon) could be better understood. Rationale for the double label was two-fold:
(1) placement of radiolabel at the methoxy group ensures that the isotope would remain
attached to proteins since the p-nitrophenoxy group is lost upon phosphorylation, and (2)
two methoxy ester radiolabels were deemed important since some proteins or biomolecules
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may be prone to aging or loss of a second ester group following phosphorylation. The SH-
SY5Y cell line was chosen for study because it expresses AChE, a number of neuron-
specific enzymes and biosynthetic pathways, dopamine hydroxylase, tyrosine hydroxylase,
aromatic L-amino acid decarboxylase, enzymes unique to catecholamine neurons, and the
nicotinic acetylcholine receptor (25).

Materials and Methods

General

14C-Methyl parathion (24C-MPS) was purchased from Perkin-Elmer, Boston (NEN®
radiochemicals) with a radioactivity of 1 mCi (specific activity 41.65 mCi/mmol). Liquid
scintillation counting (LSC) was performed to determine the radiocarbon content of various
samples using a Tricarb 2900 liquid scintillation counter, USA. Silica gel Gys4 thin layer
chromatography plates (10 mm thickness; Analtech) were used for purification. Radioactive
images of TLC plates were recorded using a phosphoimager (Fujifilm FLA3000). The MTT
assay kit was obtained from Roche Applied Science and the absorbance was measured using
a microplate reader (Molecular Devices, Versamax).

Synthesis of 14C-Methyl Paraoxon (}4C-MPO)

14c-Methyl paraoxon (1C-MPO) was prepared by oxidation of 4C-methyl parathion (:4C-
MPS). To a solution of 4C-MPS (1 mCi with a specific activity of 41.65 mCi/mmol) in dry
methylene chloride (3 mL) was added meta-chloroperoxybenzoic acid (1.5 mmol) at 0 °C
and the reaction mixture was stirred at rt for 2 h or until completion of reaction was
confirmed by TLC. The reaction mixture was loaded onto a preparative silica gel Gys4 TLC
plate and eluted with EtOAc/hex (1:1). The band of 14C-MPO at R¢ 0.15-0.20 (Rs of 14C-
MPS is 0.60-0.65) was correlated with the migration of cold paraoxon standard, removed,
extracted with methylene chloride (5 mL x 3), filtered and the solvent evaporated to afford
the radiolabeled product (0.360 mCi with a specific activity of 41.65 mCi/mmol). Total
counts (cpm) were converted to dpm using: dpm = cpm/detector efficiency. The
radiochemical yield of synthesized 14C-MPO was determined using this relationship: 1 mCi
= 2.2 x 109 dpm. Chemical and radiochemical purity for both 14C-methyl parathion and 14C-
methyl paraoxon were >98% based on total recovery from the TLC plate (Figure 2).

SH-SYS5Y Cell Culture

SH-SY5Y cells (a human neuroblastoma cell line) were obtained from American Type
Culture Collection (Rockville, MD) and cultured in DMEM/F12 medium (GIBCO BRL,
Grand Island, NY) supplemented with 10% fetal bovine serum (Hyclone), 100 U/mL
penicillin, 100 ug/mL streptomycin, and 2 mM L-glutamine in a CO, incubator maintained
at 5% CO, and 37 °C. The medium was changed every two days. Cells were allowed to
reach 80% confluence before exposure to 14C-MPS or 14C-MPO.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) Viability Assay

Approximately, 0.25 x 10 cells/well were seeded into 96 well plates and exposed for 24,
48, or 72 h to MPS and MPO at concentrations from 10 nM to 100 pM prepared as solutions
in acetonitrile (0.1% v/v). A 2% Triton X-100 solution in assay medium was used for a
positive control (n = 8 for each MPS and MPO concentration and Triton X-100). Following
exposure, cells were rinsed several times with culture medium prior to MPS and MPO
exposure. Culture medium was removed and 100 pl of fresh medium containing the graded
MPS and MPO concentrations or Triton X-100 was added to each well. After incubation for
appropriate time points, 10 pl of MTT labeling reagent was added to each well. Plates were
incubated with MTT labeling reagent for 4 h and then 100 pl of solubilizing solution was

J Agric Food Chem. Author manuscript; available in PMC 2011 July 28.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bharate et al.

Page 4

added to each well and incubated overnight. Absorbance of samples was measured using a
microplate reader at 575 nm (formazan) using a reference wavelength at 675 nm. Viability
was determined by comparing the absorbance readings of the wells containing the OP-
treated cells with those of the vehicle (0.1% acetonitrile) treated cells (Figure 3).

Stability of 14C-MPS and 14C-MPO in Culture Media

A 1 uM solution of 14C-MPS or 14C-MPO in DMEM/F12 medium 1% fetal bovine serum
(Hyclone; 100U/mL penicillin, 100 ug/mL streptomycin, and 2 mM L-glutamine) was
incubated at 37 °C for 120 h. At different time points (0 to 120 h), samples (50 ul x 3) were
loaded onto preparative silica gel Gyg4 TLC plates and developed with EtOAc: hex (1:1).
Cold MPS and MPO were spotted as elution standards at the corner of the plate for
reference. For 14C-MPS, three bands (R¢ = 0.62, 0.15 and < 0.1) and for 14C-MPO, two
bands (R¢ = 0.15 and < 0.1) were isolated, and the total counts (cpm) recorded. The
percentage of 14C-MPS or 14C-MPO at each time point was calculated and plotted against
incubation time (Figure 4). Rate constants for the degradation of MPS and MPO were
determined by calculating the negative slope of In(% of MPS/MPO remaining) vs.
incubation time.

Uptake of 14C-MPS and 14C-MPO in SH-SY5Y Cells

Total amount of OP inside cells (nM)=

14C-MPS and 14C-MPO stock solutions were prepared in acetonitrile (500 pM) and stored at
0 °C. 4C-MPS and 14C-MPO treatment concentrations (11M) were prepared by dilution of
the stock solution in DMEM/F12 medium 1% fetal bovine serum (Hyclone), 100 U/mL
penicillin, 100 pg/mL streptomycin, and 2 mM L-glutamine (400 pl of stock solution into
200 mL of media to make 1 uM 14C-MPS/14C-MPO media solution). In preliminary
experiments, cells were exposed to 1 pM 14C-MPS/14C-MPO at 37 °C for 0, 8, 16, 24, 48,
and 72 h in a 96-well plate (2 uL media in each well). At the determined time points, culture
media was removed and the cells were washed with ice cold PBS (3 x 1 mL) to remove
residual 14C-MPS or 14C-MPO and placed in a scintillation vial. To the remaining washed
cells was added 5 mL of ice cold PBS and the cells removed using a cell scraper, and
transferred to centrifuge tubes. Each well was washed an additional time with PBS to
remove residual cells. Cells were centrifuged for 5 min and supernatant was transferred to a
scintillation vial. Cells were treated with lysis buffer containing 20 mM Tris-HCI (pH 7.5),
150 mM NaCl, 1 mM NayEDTA, 1 mM EGTA, 1% Triton-X-100, 2.5 mM sodium
pyrophosphate, 1 mM beta-glycerophosphate and 1 mM NazVO, (Cell Signaling
Technology, Beverly, MA). Additions to the lysis solution were made to give final
concentrations of 0.5% Na-deoxycholate, 0.5% SDS, 1 uM okadaic acid, 1 mM
phenylmethylsulfonyl (PMSF), 0.1 mg/mL benzamidine, 8 ng/mL calpain inhibitors | and 11
and 1 pg/mL each leupeptin, pepstatin A and aprotinin. Lysis buffer (500 ul) was added to
the cell pellet and vortexed. After 30 min, the cell lysate was centrifuged and the supernatant
containing the cytosolic fraction was separated. Scintillation fluid was added to all samples
to obtain a standard volume and total counts (cpm) were recorded. Data was collected in
triplicate for each time point. The total amount of OP inside cells was calculated using the
following equation and was plotted against OP exposure time (Figure 5).

[ Total radioactivity inside cells (cpm) X Initial OP concentration (nM)]

[ Total radioactivity in media (cpm)+Total radioactivity inside cells (cpm)]

Fate of 14C-MPS and 14C-MPO in uptake experiments

In order to determine the fate of 14C-MPS and 14C-MPO in media during uptake experiment
and the amounts of MPS/MPO and their degradation products in cell cytosol, uptake
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experiments were performed at 24, 48 and 72 h in a petri-dish plate (20 mL media in each
plate; 1 uM 14C-MPS or 14C-MPO) using a similar protocol to the previous section. After
harvesting cells, total cell numbers were calculated by trypan blue counting. After cell lysis,
cytosolic fraction was collected and was loaded on preparative silica gel Gos4 TLC plate and
reference standards of cold MPS and MPO spotted at the corner of the plate. TLC plates
were eluted using EtOAc:hex (1:1). The radioactive bands were identified by correlation
with standards, removed and collected in individual liquid scintillation vials. Similarly, 100
ul of media was also loaded on TLC plate and bands were collected. Scintillation fluid was
added to all samples to obtain a standard volume and total counts (cpm) were recorded. Data
was collected in triplicate for each time point. Concentrations of OP in cell cytosol per
million cells were calculated using the following equation and plotted against OP exposure
time (Figure 6).

nM OP in cytosol /10° cells
Radioactivity for OP or its degradation product in cytotosol (cpm) X Initial OP concentration (nM)

- [ Total radioactivity in media (cpm) + Total radioactivity inside cells (cpm)] X Number of cells (in millions)

The partition coefficient values (media-cell) for the OPs and their degradation products were
calculated by dividing the amount of 14C-MPS/14C-MPO in cell cytosol by amount in the
media at 48 h exposure time. The uptake rate constant was calculated from the negative
slope of the plot between In(nM increment of OP in cytosol) vs. OP exposure time (h).

Results

Synthesis of 14C-Methyl Paraoxon (14C-MPO)

14C-Methyl parathion (1 mCi) with a specific activity of 41.65 mCi/mmol was oxidized with
meta-chloroperoxybenzoic acid (m-CPBA) in methylene chloride to yield 14C-MPO.
Purification was conducted using preparative thin layer chromatography (prep-TLC). The
radioactive yield of 14C-MPO was 0.360 mCi and the radiochemical purity of both 14C-MPS
and 14C-MPO were > 98% (Figure 2). Radioactive MPS and MPO structures were
confirmed by co-elution on TLC with standard (cold) MPS and MPO, which were
characterized by NMR and MS.

Viability of SH-SY5Y Cells Exposed to 14C-MPS and 14C-MPO

SH-SYS5Y cells were treated with 14C-MPS or 14C-MPO ranging from 10 nM to 100 uM
and the cell viability assessed by MTT assay. Some cytotoxicity was observed with both
MPS and MPO at 50 uM at time points 48 and 72 h and at least 60% cytotoxicity occurred
at all time points when the cells were exposed to 100 uM except MPS treatment for 24 h
(Figure 3) that showed no significant decrease in viability. At 100 uM concentration, MPS
showed 4% (24 h), 60% (48 h) and 90% (72 h) cytotoxicity, respectively while MPO
showed more than 80% cytotoxicity after just 24 h.

Stability of 14C-MPS and 4C-MPO in Culture Media

The stability of 14C-MPS and 14C-MPO in culture media was determined by incubating 1
uM of the OP in tissue culture media at 37 °C for up to 120 h. The media was analyzed at
various time points by prep-TLC and the amount of OP and degradation products was
quantified by radioactivity counting of isolated bands. The major degradation pathways

for 14C-MPS and 14C-MPO are oxidation/hydrolysis and hydrolysis, respectively (Figure 7)
forming the water soluble DMTP and DMP as primary metabolites. The formation of DMTP
and DMP from paraoxon and like compounds are well documented (26,27). 14C-MPS
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and 14C-MPO showed similar stability profiles. After 72 h of incubation in media more than
50% of 14C-MPS (Figure 4A) and 14C-MPO (Figure 4B) were recovered from the media
unchanged. Both 14C-MPS and 14C-MPO hydrolyzed with loss of the p-nitrophenol group to
yield dimethyl thiophosphoric acid (thiophosphate) and dimethylphosphate (phosphoric
acid) (Figure 7), respectively, as determined by co-elution with standards. 14C-MPS was
found to be relatively stable to oxidation in media and formed less than 1% 14C-MPO after 4
days (Figure 4A). Based on isolation and measurement of the eluted bands, 80-97% and 78—
95% of the originally applied amount of 4C-MPS and 14C-MPO were recovered. The rate
constant for degradation (hydrolysis) of 14C-MPS and 14C-MPO were calculated to be 7.0 x
103 h 1 and 6.0 x 1073 h™1, respectively. The half lives for 14C-MPS and 14C-MPO in
media were 91.7 h and 101.9 h, respectively.

Uptake of 14C-MPS and 14C-MPO in SH-SY5Y Human Neuroblastoma Cells

Using the cell viability and media stability data, time points up to 96 h and OP
concentrations of 1 uM were chosen for uptake studies since little to no loss of cells were
observed under these conditions. In preliminary uptake experiments, cells were exposed to 1
uM of 4C-MPS and 14C-MPO for different exposure times viz. 0, 8, 12, 24, 48, 72 and 96 h.
A comparative plot of uptake for 14C-MPS and 14C-MPO is shown in Figure 5 indicating
that MPO achieved a maximum level of 46 nM at the 48 hr time point and MPS a 13 nM
maximum at 24 h. At the most, only 5% (approx. 8000 cpm; Appendix) of the total applied
radioactivity (170,000 cpm) of either MPS or MPO entered the cells.

In order to determine the fate of 14C-MPS and 14C-MPO in media during the uptake
experiments and the total amount of MPS, MPO and/or the degradation products in cell
cytosol, uptake experiments were performed at 24, 48 and 72 h (Figure 6A-D). At each time
point, a sample of the cytosolic fraction and the media was loaded on preparative TLC plate,
the OPs separated, and analyzed to determine the stability of 4C-MPS or 14C-MPO and
formation of the hydrolysis products during the uptake experiment (Table 1 and 2). 14C-
MPS and 14C-MPO were stable in media throughout the uptake experiment. The cell counts
for both experiments were normalized and values of 4C-MPS and 14C-MPO uptake were
reported per one million cells. As found in the preliminary uptake experiment (Figure 5), the
total amount of MPO uptake (sum of MPO and its degradation product) was greater than the
total MPS uptake (sum of MPS and its degradation products) (Figure 6A). It was interesting
to note that in case of 14C-MPO uptake, a large amount of the hydrolyzed product, dimethyl
phosphate (80-90% of total radioactivity inside cells) (Figure 6C) was found in cells while a
greater amount of 14C-MPS was found inside cells compared with its degradation products,
MPO and DMTP (Figure 6B).

The maximum radioactivity inside cells was reached after 48 h of 14C-MPS/14C-MPO
exposure with a total uptake of 1.19 and 1.76 nM/106 cells for MPS and MPO, respectively
while the actual amounts of MPS and MPO inside cells after 48 h exposure time were 0.54
and 0.37 nM/106 cells (Table 1), respectively. Based on TLC analysis, in case of 14C-MPS
uptake, the ratio of 14C-MPS to that of degradation products inside cells was 46:38:16
(MPS:MPO:DMTP) at 48 h exposure time while the uptake of MPO showed an MPO:DMO
ratio of 21:79 (MPO: DMP) (Table 1).

The amount of 1#C-MPS and 14C-MPO determined inside cells at various exposure times
(Figure 6D) shows that a larger amount of 14C-MPS entered cells than 14C-MPO at each
time point and only a negligible amount of 14C-MPS or 14C-MPO was found to be
associated with the membrane fraction. The percent total recovery of all label in the uptake
experiments for 14C-MPS and 14C-MPO were found to be > 92% and > 95%, respectively.
The cells-media partition coefficients (Kq) were calculated to be 6.3 x 104 and 5.9 x 1074
with uptake rate constants of 0.054 h™1 and 0.025 h™1 for MPS and MPO, respectively.
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Discussion

In this study, the stability, uptake and cytotoxicity and of 14C-methyl parathion and 14C-
methyl paraoxon were tested in a SH-SY5Y human neuroblastoma cell line. The radiolabel
was placed at both methoxy groups so that attachment of the OP to biomolecules and the
formation of hydrolysis products could be tracked more efficiently as compared to studies in
which the radiolabel was incorporated at the p-nitrophenoxy group (26,28-30). Synthesis of
radiolabeled paraoxon from (24CH30),-parathion was accomplished in greater than 98%
chemical and radiochemical purity. The specific activity was 41.65 mCi/mmol as
determined by chromatography.

Stability studies in culture media indicated that more than 50% of either 14C-MPS or 14C-
MPO remained in the media after 72 h (Figure 4). The degradation pathways expected

for 14C-MPS was oxidation/hydrolysis and for 14C-MPO hydrolysis was anticipated (Figure
7). However, we did not observe oxidation of 14C-MPS to 14C-MPO in culture media. Thus,
hydrolysis, or loss of the p-nitrophenoxy group, to yield dimethyl thiophosphate (DMTP)
was the major degradation route for 14C-MPS in the culture media. Direct formation of
DMTP from MPS has been previously reported (26,27,31-33). In contrast, a significant
amount of 14C-MPO was found in cell lysates following 14C-MPS treatment indicative of
the greater conversion of MPS to MPO in cells (Figure 6B).

To ensure that the uptake studies were conducted with continued viability during the course
of the exposure, the cytotoxicity was next examined. As expected, the more reactive
phosphorylating agent 14C-MPO was more cytotoxic than 14C-MPS at concentration above
10 uM (Figure 3). As a result of this data, we chose a concentration of MPS and MPO (1
uM) that was below the cytotoxic threshold in order to examine differences in uptake of
these OP’s in viable cells.

Although a 20-fold difference in the lipophilicity of MPS and MPO exists, this structural
difference did not result in equally dramatic change in cellular uptake, in fact, our initial
uptake results showed that uptake was not related to the lipophilicity. Our experiments
showed that the hydrolysis product of MPO, dimethyl phosphate (DMP), actually accounted
for a higher overall amount of radioactivity in MPO treated cells as compared with MPS
treated cells indicating relatively equal access by MPO and MPS. However, a greater overall
amount of MPS was found inside cells than MPO. The greater amount of MPS than MPO
found in cells could be the result of the greater stability of MPS once inside the cell and/or
rapid breakdown of MPO in cells to DMP thereby reducing the net amount of MPO found.
The higher amount of DMP found in cells could be due to the intracellular hydrolysis and
metabolism of MPO and/or extracellular (media-mediated) metabolism followed by passive
diffusion across the cell membrane (34). Although a maximum cellular uptake of OP’s was
not more than 5% of total OP exposure (1 uM) it is noteworthy that uptake was
concentration dependent as observed from the results of lower concentration (100 nM and
10 nM) uptake experiments.

The cytotoxicity induced in the 14C-MPS treated cells followed a delayed trend similar to
that in the 14C-MPO treated cells after 24 h of exposure likely due to a rate-dependent
oxidative conversion. The highest amount of cytotoxicity (90%) exhibited by MPS was at
100 pM concentration after 72 h of exposure time. Although very little 14C-MPO (7-10%,
Table 2) was found in the media, a significant amount of 14C-MPO (33-37%, Table 1) was
found in the cytosol in MPS-treated cells. Therefore, it is likely that conversion from MPS to
MPO contributed to the cytotoxicity (16).

In conclusion, differences in the stability, uptake and cytotoxicity of 14C-MPS and 14C-
MPO in SH-SY5Y human neuroblastoma cells were found. The use of dual-labeled MPS
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d MPO allowed for precise intracellular measurements of parent and hydrolyzed product
d for determining rate comparisons. Data obtained in this work suggests that the thionate
PS and the oxon MPO access cells at different rates and to different extents that could

yield distinct differences in protein responses.

Supplement

ary Material
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Figure 1.

Structures of representative phosphorothionates insecticides and the corresponding oxons.
Malathion (R = Me, Z = -SCH(CO,Et)CH,CO»ELt)), parathion (R = Et, Z = -OPh-p-NO5),
methyl parathion (R = Me, Z = -OPh-p-NO5), chlorpyrifos (R = Et, Z = O-2,3,5-
trichloropyridinol), and diazinon (R = Et, Z = O[6-Me, 4-iPr-pyrimidinol]).
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Thin layer chromatographic analyses of 14C-MPS and 14C-MPO (EtOAc:hex, 1:1). (A).
Radioactivity image. (B) UV image. Rt of MPS = 0.65 and MPO = 0.18.
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Figure 3.

Cytotoxic effect of 14C-MPS and 14C-MPO on SH-SY5Y cells. Cells were treated with
various concentrations of 14C-MPS and 14C-MPO for 24, 48 and 72 h. Cell viability was
determined by 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide (MTT)
assay. (a) SH-SY5Y cell viability following 24 h exposure to 14C-MPS and 14C-MPO:; (b)
SH-SYS5Y cell viability following 48 h exposure to 4C-MPS and 14C-MPO; (c) SH-SY5Y
cell viability following 72 h exposure to 4C-MPS and 14C-MPO. Results are presented as %
of vehicle control, determined by comparing the absorbance readings of the wells containing
the OP treated cells with those of the vehicle (0.1% acetonitrile) treated cells. Data represent
the mean £ SEM (n = 8). Triton X-100 was used as a positive control (= 100% cell death).
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Stability of radiolabeled MPS or MPO in 1% FBS culture media. (A) 14C-MPS. (B) 14C-
MPO. Data represents mean + SEM (n = 3). 1¥C-DMTP and 14C-DMP are primary

metabolites of 14C-MPS and 14C-MPO hydrolysis.
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Figure 5.
Uptake of 14C-MPS or 1*C-MPO into SH-SY5Y cells at different exposure times (0, 12, 24,
48, 72 and 96 h). Data represents mean £ SEM (n = 3).
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Figure 6 (CD).
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Uptake of 14C-MPS or 14C-MPO in SH-SY5Y cells at different exposure times. Cell
numbers per experiment were normalized and uptake values are indicated for 108 cells. (a)
Total radioactivity (OP and their degradation products) found inside cells following
exposure to 1 uM MPS or MPO; (b) Uptake of 14C-MPS (1 uM) and its degradation
products; (c) Uptake of 14C-MPO (1 uM) and its degradation product; (d) Amount of 14C-
MPS/14C-MPO found inside cells at 100 nM. Data represents mean + SEM (n = 3). 14C-
DMTP and 14C-DMP are primary metabolites of 14C-MPS and 14C-MPO hydrolysis.
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Table 2

Relative ratio’s of MPS, MPO, DMTP and/or DMP in culture media after exposure of cells to 1 uM of OP
(MPS or MPO)!

Relative Ratio’s?

Incubation time (h)

MPS MPO  DMP and/or DMTP

14C-MPS

24 743+10 98+10 16.0+0.2

48 639+01 6809 2903+09

72 529+08 103+14 36.8+16
4C-MPO

24 . 69.7+33 30333

48 - 625+0.6 375+06

72 - 61.4+0.2 386+0.2

1Ratios. of OP and their degradation products were determined by preparative TLC analysis;

2Data represents mean = SEM (n = 3).
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