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I. ABSTRACT

Repeated stress has been reported to cause reversible impairment to the

hippocampus. Glutamatergic and cholinergic systems were proposed to be involved in

responses seen after exposure to stress and cholinesterase inhibitors. Effects of concurrent

exposure to repeated stress and chlorpyrifos (CPF) on concentrations of excitatory amino

acids, activities of cholinergic enzymes, and maximum binding density (Bmax) and

equilibrium dissociation rate constant (Kd) of NMDA and total muscarinic receptors

were studied in Long-Evans rats. The study was divided into 4 experiments. The first

experiment was to find the dose of CPF to use for studies on the interaction of stress and

CPF. From the results obtained, 60% of the maximum tolerated dose was chosen. An

experiment to determine effects of repeated stress and CPF on cholinergic enzymes and

glutamate included groups of rats (n=7-8) that were handled 5 days/week; restrained 1

hour/day for 5 days/week; swum 30 minutes for 1 day/week; or restrained 4 days/week

and swum for 1 day/week, for 28 days. On day 24, each group was injected either with

corn oil or CPF 160 mg/kg sc 4 hours after restraint. On day 28, blood samples were

collected for acetylcholinesterase (AChE) activity. Brains were dissected into

hippocampus (HP) and cerebral cortex (CC) to determine activities of
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acetylcholinesterase (AChE), carboxylesterase (Cbxy), and choline acetyltransferase

(ChAT), and glutamate and aspartate concentrations. CPF inhibited AChE activity in

blood, CC and HP, but stress did not affect AChE activity. Repeated restraint with swim

reduced Cbxy and CPF inhibited Cbxy. Restraint with swim had a statistical trend to

increase concentrations of glutamate in the HP more than swim alone (p = 0.064); but

CPF had no effect on glutamate in the HP. CPF decreased concentrations of elevated

aspartate in the HP of rats that were restrained and swum. The results suggested that

restraint with swim indirectly elevated acetylcholine in the CC, and tended to increase

glutamate in the HP. The experiment designed to study the effects of concurrent exposure

to stress and CPF on NMDA and total muscarinic receptors was designed similar to the

previous study, except that endpoints were Bmax and Kd of NMDA and total muscarinic

receptors in the HP and CC, and NMDA receptors in the hypothalamus (HT). Restrained

rats had higher Kd of NMDA receptors in the HP than control and restrained with swim

rats; however, Bmax was similar. CPF deceased Bmax and Kd of total muscarinic

receptors in the CC of swum rats (237.64 ± 17.36 fmol/mg protein, 0.216 ± 0.023 nM)

and CPF also decreased Bmax of total muscarinic receptors in the CC of restrained rats

(229.08 ± 17.36 fmol/mg protein). There were no effects of stress, CPF, or interactions of

stress and CPF on NMDA receptors in the CC or on total muscarinic receptors in the HP.

In summary, CPF was capable of modulation of total muscarinic receptors of swum and

restrained rats, suggesting that cholinergic transmission in the CC for cognition, sensory

and motor activity may be modified. Furthermore, we examined effects of stress and CPF

on concentrations of monoamines. Swim stress and CPF individually decreased

concentrations of norepinephrine in the HP, whereas swim and restraint with swim
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decreased concentrations of norepinephrine but increased concentrations of DOPAC in

the HT. Swim stress increased concentrations of dopamine in the HT more than control

or restraint. CPF did not alter concentrations of norepinephrine, dopamine, or DOPAC in

the HT. The interactions of repeated stress and CPF on serotonin approached significance

in the HP (p = 0.06) and HT (p = 0.08). CPF increased serotonin concentrations in rats

that were handled and restrained but not swum. CPF reduced the elevated concentrations

of serotonin in restrained rats and restrained with swim rats (p < 0.05). Swim and

restraint with swim were potential stress models that altered noradrenergic,

dopaminergic, and serotonergic responses in the HT. In summary, repeated stressors had

effects on glutamatergic, cholinergic, and monoamine systems. CPF had effects on

cholinergic and monoamine systems but the interactions between stress and CPF were

few as summarized in the following table.

Glutamatergic system Cholinergic system

Stress

Restraint

Swim

Restraint with swim

Increased Kd of NMDA in

the hippocampus.

No effect

Increased glutamate in the

hippocampus more than

swim.

No effect

No effect

Inhibited Cbxy in the

cerebral cortex more than

control and restraint.

CPF No effect Inhibited AChE and Cbxy

in the hippocampus and

cerebral cortex.
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Stress and CPF CPF attenuated the elevated

aspartate in the

hippocampus of restrained

with swim rats.

CPF decreased the elevated

Bmax and Kd of total

mAChR in the cerebral

cortex of swum rats and Kd

of restrained rats.
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