
1146 PERSISTENT CHANGES IN CHOLINERGIC SYNAPTIC 
MARKERS AFTER NEONATAL CHLORPYRIFOS 
EXPOSURE. 

F. ]. Seidler, M. L. McGuire, C. A. Tate and T. A. Slotkin. Duke University 
Medical Center, Pharmacology & Cancer Biology, Durham, NC. 

Despite recent restrictions on home use, chlorpyrifos (cpf) remains one of the most 
widely used pesticides. Recent studies indicate that cpf elicits developmental neuro­
toxicity through mechanisms that are unique to replicating and differentiating 
brain cells. Presumably, if disruption of cellular development affects CNS function, 
then there should be corresponding, long-term changes in synaptic proliferation 
and/or activity. In the current study, neonatal rats were exposed to cpf during peri­
ods of terminal cell differentiation, axonogenesis and synaptogenesis using treat­
ments, 1 mg/kg/day on postnatal days (PN) 1-4, or 5 mg/kg daily on PNl 1-14, 
that evoked neither overt systemic toxicity nor growth inhibition. We then assessed 
two markers of cholinergic synaptic development: choline acetyltransferase 
(ChAT), the enzyme that synthesizes acetylcholine, a constitutive biomarker for 
cholinergic nerve terminals; and hemicholinium-3 (HC-3) binding to the presy­
naptic transporter, which increases in response to neural impulse activity. In males 
given the late treatment regimen, cpf elicited deficits in ChAT in regions with 
major cholinergic projections, an effect which disappeared by PN60. The ChAT 
deficits were not accompanied by compensatory upregulation of neural activity as 
monitored with HC-3 binding. In females, deficits emerged later and persisted 
through PN60, again with a lack of compensatory changes in HC-3 binding. These 
data indicate that neonatal cpf exposure elicits long-term, gender-dependent reduc­
tions in cholinergic synaptic projections and neural activity. These effects may ac­
count for the late emergence of sexually dimorphic behavioral alterations. 
(Supported by USPHS ES10387 and ESl0356) 

1147 AGE-RELATED EFFECTS OF CHLORPYRIFOS AND 
PARATHION ON ACETYLCHOLINE SYNTHESIS IN 
RAT BRAIN. 

S. Karanth and C. ~. Oklahoma State University, Physiological Sciences, 
Stillwater, OK 

Organophosphorus insecticides (OPs) elicit acute toxicity through inhibition of 
acetylcholinesterase (AChE). Excessive AChE inhibition leads to synaptic accumu­
lation of the neurotransmitter acetylcholine (ACh) and consequent toxic signs in­
cluding autonomic dysfunction and involuntary movements. Earlier work from our 
laboratory demonstrated that the OPs chlorpyrifos (CPF) and parathion (PS) ex­
hibit differential effects on presynaptic cholinergic processes including high affinity 
choline uptake and ACh release. In the present srudy, we examined the in vivo ef­
fects of CPF and PS on AChE activity and ACh synthesis in striatum from neona­
tal (?day), juvenile (21 day) and adult (90 day) rats. AChE activity and ACh syn­
thesis were measured in crude synaptosornal preparations by radiometric methods. 
Rats were treated (sc) with OPs (O, 0.3 or 1.0 x acute maximum tolerated dosage­
MTD) and biochemical endpoints were measured at 4, 24 and 96 hr after treat­
ment. Following MTD exposure to either OP, relatively similar maximal degrees of 
AChE inhibition were noted among the age groups. Times to peak inhibition var­
ied among the age groups, however, i.e., maximal AChE reduction occurred at ear­
lier time points in neonates (PS, 4 hr; CPF, 24 hr) but later in juveniles (PS, 24 hr; 
CPF, 96 hr) and adults (96 hr after both). In neonates, CPF had no effect while PS 
(MTD) reduced ACh synthesis (27% at 24 hr). In contrast, CPF (MTD) increased 
ACh synthesis (20%) 24 hr after exposure in juveniles. PS (MTD) also increased 
ACh synthesis in juvenile tissues at 4 hr (20%) and 24 hr (33%) after treatment. In 
adults, CPF (0.3MTD) decreased synthesis at 4 hr (15%) while PS increased syn­
thesis at 4 hr (both dosages, 13-20%) and 24 hr (MTD, 23%) after exposure. The 
results suggest that both CPF and PS may alter ACh synthesis in an age-, time- and 
OP-dependent manner. Such changes in neurotransmitter synthesis could con­
tribute to the differential toxicity of these OPs. (Supported by NIEHS RO 1-
ES09119.) 

1148 ACETYLCHOLINESTERASE INHIBITION, MUSCARINIC 
RECEPTOR DOWNREGULATION AND 
PHOSPHOINOSITIDE HYDROLYSIS IN NEONATAL, 
JUVENILE AND ADULT RAT BRAIN FOLLOWING 
CHLORPYRIFOS OR PARATHION EXPOSURE. 

H. S. Zhang and C. Pope. Oklahoma Stare University, Physiological Sciences, 
Stillwater, 0 K 

Chlorpyrifos (CPF) and parathion (PS) elicit acute toxicity primarily through inhi­
bition of acetylcholinesterase (AChE). Marked age-related differences in acute sen­
sitivity exist with both CPF and PS. Previous studies have reported that persistent 

AChE inhibition can alter muscarinic receptor (MR)density and MR-mediated 
phosphoinositide (PI) hydrolysis. We compared AChE inhibition, MR downregu­
lation and MR-mediated PI hydrolysis in cortex from neonatal (7 day), juvenile (21 
day) and adult (90 day) rats at 4, 24 and 96 hr after 0, 0.3 or I x maximum toler­
ated dosage (MTD) of either PS or CPF (MTDs: PS=2.l, 4.8, 18 mg/kg; CPF=45, 
127,279 mg/kg). Carbachol (CARB)-stimulated (1 mM) PI hydrolysis was meas­
ured by the accumulation of [3H]inositol phosphates in the presence of lithium 
chloride. Peak AChE inhibition following MTD exposure in neonates, juveniles 
and adults was 70-86%, 79-92%, and 91-93%, respectively, with maximal reduc­
tion occurring earlier in neonates and juveniles (4-24 hr after exposure) than in 
adults (96 hr after exposure). MR downregulation (quinudidinyl benzilate [QNB]) 
binding was not significantly reduced in neonates but was significantly lower (16-
22%) in both juveniles and adults 96 hr after PS (MTD). Similarly, QNB binding 
was significantly reduced 96 hr after CPF in juveniles (13 and 28%; 0.3MTD, 
MTD) and adults (16%, MTD) but not in neonates. No significant differences in 
CARB-stimulated hydrolysis were found among any dosages, age groups or time 
points following exposure to either OP. We conclude that while high dosages of 
CPF and PS can elicit changes in AChE activity and MR binding in an age-related 
manner, these neurochemical changes have little influence on MR-mediated PI sig­
naling. (Supported by ROl ES09119 from NIEHS) 

1149 AGE-RELATED EFFECTS OF CHLORPYRIFOS ON HIGH 
AFFINITY CHOLINE UPTAKE IN RAT BRAIN. 

K....l, Olivier and C. N. Pope. Oklahoma State University, Physiology, Stillwater, OK 

Organophosphorus (OP) insecticides elicit toxicity through inhibition of acetyl­
cholinesterase (AChE), allowing accumulation of acetylcholine (ACh) and conse­
quent cholinergic toxicity. High affinity choline uptake (HACU), the rate-limiting 
step in ACh synthesis, is modulated in adult rat brain in vivo by some OP toxicants. 
Young rats are generally more sensitive than adults to the acute toxicity of OP pes­
ticides, but little is known regarding age-related effects of OP toxicants on HACU. 
AChE inhibition and changes in HACU in cortex of neonatal (7 days), juvenile (21 
days) and adult (90 days) rats (n=8-15/treatment group) were evaluated at 4, 24 or 
96 hr after oral exposure to chlorpyrifos (O, 0.5 or I x LDI 0: 15, 47 and 136 
mg/kg). LD10 dosages generally elicited similar levels of maximal AChE inhibition 
in all age groups, but inhibi;ion was highest at 4 hr in neonates and juveniles but 
not until 24 hr in adults. In general, HACU was reduced in a time-dependent man­
ner by LD10 exposure, i.e., uptake was maximally reduced (43%) in neonates at 4 
hr, moderately reduced (22%) in juveniles at 24 hr and least affected {18% reduc­
tion) in adults at 96 hr. No significant changes in HACU were noted with the lower 
dosages at any timepoint in either age group. An early reduction in HACU follow­
ing high-dose exposure could potentially modulate the toxic effects of AChE inhi­
bition by limiting the amount of ACh released into the synapse, whereas later 
changes in HACU noted in adults may be an adaptive response to altered choliner­
gic neurotransmission. A reduction in HACU, in particular in a system having rel­
atively little acetylcholine synthesis and release (neonatal brain), could also lead to 
neurotoxic consequences on its own. Changes in HACU may therefore differen­
tially contribute to age-related neurotoxicity following AChE inhibition. 
(Supported by GR8258 I l from U.S. EPA) 

1150 NEUROCHEMICAL CORRELATES OF COGNITIVE 
DEFICITS IN WEANLING RATS EXPOSED TO 
CHLORPYRIFOS. 

R. A. Schuh,J. C. Carter, T P O'Callaghan and D. A. Jett.Johns Hopkins 
University, Environmental Health Sc-iences, Baltimore, MD. 

Previous studies have shown that moderate to high levels of chlorpyrifos (CPF) alter 
cognitive function in adult and immature rats, probably related to the inhibition of 
acetylcholinesterase (AChE). We have previously reported on an alteration of 
cAMP signaling by CPF in rats exposed to moderate doses, and PC l 2 cells exposed 
to CPF at doses lower than those required to inhibit AChE. In the present study, we 
tested the hypothesis that exposure to CPF during brain development causes 
deficits in cognitive function of weanling rats, and we determined the relationship 
between cognitive effects, AChE activity, muscarinic receptor binding, and the ex­
pression of the phosphorylated form of Ca2+/cAMP-dependent response element 
binding protein (pCREB). Rat pups were administered 0, 0.3, or 7.0 mg/kg CPF 
by subcutaneous injection on postnatal day (PD) 7, 11, and 15, and tested in the 
Morris swim task immediately after weaning on PD24. CPF did not cause signs of 
overt cholinergic intoxication or impaired growth, nor did the exposures cause sig­
nificant inhibition of AChE or reduction in muscarinic receptor binding sites iden­
tified with [3H]-N-methylscopolamine ([3H]-NMS) in the cerebral cortex, hip­
pocampus, or cerebellum. However, spatial learning was impaired after 5 days of 
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training in the group of weanling rats administered 7.0 mg/kg CPF. Additionally, 
the expression of pCREB was significantly reduced in the brains of rats treated with 
7.0 mg/kg CPF that were sacrificed by focused microwave irradiation. These data 
indicate that exposure to 7.0 mg/kg CPF caused deficits in cognitive function in 
weanling rats, and these effects did not appear to be mediated by AChE inhibition. 
Although, the relevant molecular pathways important in neural and cognitive de­
velopment that may be impacted by CPF have yet to be identified, these results 
point to an alternative mechanism that involves events leading to the expression of 
pCREB. Supported by ES03819 and ESI0161. 

1151 CHLORPYRIFOS INDUCES AIRWAY HYPERREACTIVITY 
VIA LOSS OF NEURONAL M2 MUSCARJNIC RECEPTOR 
FUNCTION AND VIA DECREASED 
ACETYLCHOLINESTERASE. 

B. L. Yost, A. D. Fryer, R. A. Beckles and D. A. Jett. Johns Hopkins University, 
Environmental Health Science, Baltimore, MD. 

In the lungs, the vagal parasympathetic nerves provide control of airway smooth 
muscle tone. Stimulation of these nerves releases acetylcholine (ACh) onto M3 
muscarinic receptors. Release of acetylcholine is limited by neuronal M2 mus­
carinic receptors (nM2Rs}. In asthmatics the nM2R are dysfunctional. In animal 
models of asthma, loss of nM2R function leads to increased ACh release and to hy­
perreactivity. It is possible that the alteration of cholinergic function in the lung by 
CPF could contribute to the prevalence of asthma, especially in inner-city children 
where increases in the number of asthma cases has been a recent concern., and CPF 
has been used for pest control in low-income housing. We tested the hypothesis 
that CPF causes airway hyperreactivity and does so via nM2R dysfunction in 
guinea pigs. Guinea pigs were treated with CPF (390 mg/kg s.c.). Vagally-induced 
bronchoconstriction was significantly increased in CPF treated animals compared 
to controls. By stimulating neuronal M2 receptors, the muscarinic agonise pilo­
carpine (0.1-lOOug/kg, iv) inhibited vagally-induced bronchoconstriction in con· 
trols. In contrast, in CPF treated guinea pigs, pilocarpine did not inhibit vagally-in­
duced bronchoconstriction, indicating that nM2Rs were dysfunctional in 
CPF-treated animals. Bronchoconstriction induced by i.v. ACh was also potenti­
ated by CPF although bronchoconstriction induced by i.v. methacholine (metabol­
ically-stable analog of ACh) was not, suggesting that the function of M3 receptors 
on airway smooth muscle was not altered by CPF. AChE activity was inhibited in 
the brain by 27%, and in the lung by 47%. These data show that CPF induces air­
way hyperreactivity and does so by 1) inhibiting nM2R function resulting in in­
creased ACh release from the parasympathetic nerves and 2) by inhibiting AChE, 
thus further enhancing the ability of ACh to induce bronchoconstriction. CPF may 
contribute to the hyperreactivity associated with asthma. 

1152 DIFFERENTIAL EFFECTS OF ORGANOPHOSPHATES 
ON ACETYLCHOLINE (ACH) RELEASE AND 
MUSCARINIC AUTORECEPTORS. 

J......Liu, G. Wang and C. Pope. Oklahoma State University, Physiological Sciences, 
Stillwater, OK 

Chlorpyrifos axon (CPO), paraoxon (PO) and methyl paraoxon (MPO) are the ac­
tive metabolites of the organophosphorus (OP) insecticides chlorpyrifos, parathion 
and methyl parathion. These agents primarily elicit toxicity through acetyl­
cholinesterase (AChE) inhibition, but they may have additional actions. ACh re­
lease and its modulation by muscarinic autoreceptors can be differentially affected 
by in vivo OP insecticide exposures. We evaluated the effects of CPO, PO and 
MPO in vitro on ACh release by loading brain slices with [3H]choline, stimulating 
with high-potassium (20 mM) buffer containing hemicholinium-3 (IO uM) and 
analyzing fractions for tritium release. Muscarinic agonists (e.g., carbachol) and an­
ticholinesterases (e.g., physostigmine, PHY) reduce ACh release in an atropine 
(ATR)-sensitive manner directly by activation of autoreceptors or indirectly 
through inhibition of AChE and elevation of endogenous ACh, respectively. Some 
anticholinesterases may also interact directly with muscarinic autoreceptors, but 
any direct action would be potentially masked by their indirect action. We therefore 
studied the effects of CPO, PO and MPO on release under two conditions, i.e., 1) 
in the absence of PHY and ATR or 2) in the presence of both. In the absence of 
PHY and ATR, all OP toxicants reduced release in a concentration-dependent 
manner (24-38% maximal reduction at IO uM). In the presence of PHY (20 mM), 
CPO, PO and MPO had little effect on release. When both PHY and ATR (lOO 
nM) were added, the relative potencies of all OP anticholinesterases were reduced 
and both PO and MPO decreased release as before. In contrast, CPO increased re­
lease. We conclude that all three axons have direct and indirect effects on mus-
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carinic autoreceptors. Qualitative and quantitative differences in direct actions at 
muscarinic autoreceptors could contribute to differential toxicity with some OP in­
secticides. (Supported by GR82581 l from U.S. EPA). 

1153 IDENTIFICATION AND CHARACTERIZATION OF 
MOLECULAR MARKERS OF SH-SY5Y CELL LINE 
AFFECTED BY ORGANOPHOSPHORUS COMPOUNDS. 

T. Cho, J. Venkatraj and E Tiff:my-Castiglioni. Texas A&M University, Veterinary 
Anatomy & Public Health, College Station, TX 

Organophosphorus (OP) compounds are broadly used as insecticides throughout 
the world today. OP compounds also comprise of major portion of the U.S. mili­
tary stockpile of chemical nerve agents. Although the immediate, acute neurotoxic 
action of OPs is the inhibition of acerylcholinestease (AChE), some OPs also pro­
duce a neurodegenerative disorder known as organophosphate-induced delayed 
neuropathy (OPIDN), which is characterized by a delayed onset of neuropatholog­
ical symptoms. Our lab has previously reported that mipafox, an OPIDN inducing 
agent, induces the degeneration of neurite extension in differentiated SH-SY5Y cell 
line, while paraoxon, an OPIDN non-inducing agent, fails. Based on these obser­
vations, some protein markers affected by OPIND-inducing agent have been iden­
tified with SH-SY5Y cell line, which was grown in medium containing human 
serum. With Western blot analysis, NGF produces an increase on the expression of 
neurofilament 200 (NF200) protein and microtubule associated protein (MAP) 
2ab by about 2 and 1.3 fold, respectively. Mipafox (40 µM) down-regulated the ex­
pression of NF200 about 3 fold (pS:0.01), compared to NGF control, while 
paraoxon (40 µM) failed. However, both OP compounds failed to produce a sig­
nificant difference in expression of MAP 2ab, compared to NGF control. However, 
mipafox produced a different pattern for the expression ofNF200 in FBS contain­
ing medium system. The highest dose (30 µM) of mipafox upregulated the expres­
sion ofNF200 by about 3 fold with a dose-dependent manner. Although mipafox 
did not produce significant change in the expression of MAP2ab, the expression 
showed a pattern of reduction dose-dependently. These differences in the protein 
expression between two cell growing environments are considered mainly due to 
cytotoxic effect of mipafox and/or degree of cell differentiation. 

1154 CYTOTOXICITY OF PARAOXON FOR NG 108-15 CELLS. 

E. T. Flynn. UMD-New Jersey Medical School, Pharmacology and Physiology, 
Newark, NJ 

Neuroblasroma X glioma NG 108-15 cells, widely used to study acute and chronic 
drug actions, have muscarinic receptors and high acecylcholine transferase activity. 
These cells were used in the current study and revealed a growth inhibitory effect of 
paraoxon. The cells were grown at 37° C in an incubator with 5% C0/95% hu­
midified air in DMEM fortified with 7% fetal bovine serum plus 50 units/ml of 
penicillin and 50 mg of streptomycin. The cells were routinely passaged 2 times per 
week and allowed to grow for at least 24 hours before adding paraoxon to give the 
final concentrations indicated below. Following incubation, cytotoxicity was as­
sessed by crystal violet staining of the adherent cells. The media was removed and 
the attached cells rinsed with phosphate buffered saline, fixed with 4% formalde­
hyde for 1 hour and stained with 0.1 % crystal violet. The stained cells were washed 
with water, air-dried and the crystal violet extracted with 5% SOS and the intensi­
ties quantitated specrrophotomettically at 595 nm. The viability of paraoxon 
treated cells was compared to that of control cells. During static phases of cell 
growth, paraoxon had no effect on the cell number as reflected by crystal violet op­
tical densities. However, in growing cell cultures, the paraoxon caused a dose de­
pendent decrease in cell number. For example, following 24 hours of incubation the 
paraoxon treated cells had densities of 0.83, 0.79 and 0.68 of control values for 
concentrations of 0.5, 1.0 and 2.0 mM paraoxon, respectively. Similar results were 
obtained following 48 hours of incubation with paraoxon. In a control group of 
NG 108-15 cells the level of acetylcholinesterase activity (determined by the Ellman 
method and a reported turnover number of 8333 pm/second) was 2.99 pM and 
0.88 pM in the presence of2 pM paraoxon. These observations suggest that acetyl­
cholinesterase may have a role in neuronal NG 108-15 cell growth. 

1155 EFFECTS OF SUBCHRONIC EXPOSURES OF 
CHLORPYRIFOS OR PERMETHRIN ON BEHAVIOR 
AND STRIATAL CHOLINERGIC BIOMARKERS IN 
C57BL/6 MICE. 

D. J. Karen, P. Harp, W. Li, J. S. Gillette and T R Bloomquist. Virginia 
Polytechnic and State University, Entomology. Blacksburg, VA. 

The C57BL/6 mouse given l-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) is an established animal model of Parkinson's disease (PD). Because 
cholinergic systems interact with the neural substrates of PD, behavorial and neuro-
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