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Introduction

According to epidemiological studies, environmental factors may
contribute to the etiology of Parkinson's disease. Although controversial,
paraquat is a possible pesticide to induce Parkinson's disease, since a
strong correlation has been found between the incidence of the disease and
the amount of paraquat used. Because of its structural similarity to
MPP+, paraquat might induce dopaminergic toxicity in the brain.
However, its BBB penetration has not been well documented. In this
study, we examined the manner in the BBB penetration of paraquat using
a brain microdialysis technique in rats. After subcutaneous
administration, paraquat appeared dose-dependently in the dialysate. On
the contrary, MPP+ could not penetrate the BBB in either control or
paraquat pre-treated rats. This indicated that the penetration of paraquat
into the brain would be mediated by a certain carrier process, but not
resulted from the destruction of the BBB. To test if paraquat was carried
through the BBB on the a certain amino acid transporter, valine or lysine
was pre-treated. We found that valine strikingly reduced the BBB
penetration of paraquat and elevated blood levels. Valine is a high affinity
substrate for neutral amino acid transporter, which mediates the transport
of several neutal amino acids in a Na+-independent manner. Thus
paraquat is possibly taken up into the brain by the neutral amino acid
transport system. However, it is not certain whether the exposure to
paraquat for a long period induces parkinsonian symptoms.

[JParaquat is a widely used, non-selective herbicide. Unfortunately, this
herbicide is toxic and is often lethal to animals, including man. The
major lesion caused by paraquat is seen in the lung, and it has been
proposed that this is due, at least in part, to an energy dependent
accumulation of the herbicide in this organ. The herbicide paraquat,
bearing structural similarity to the known dopaminergic neurotoxicant
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), has been suggested
as a potential etiologic factor in Parkinson's disease. According to
epidemiological studies, environmental factors may contribute to the
etiology of Parkinson's disease. Although controversial, paraquat is a
possible pesticide to induce Parkinson's disease, since a strong correlation
has been found between the incidence of the disease and the amount of



paraquat  used. Because of its structural similarity to
N-methyl-4-phenylpyridinium cation (MPP+), paraquat might induce
dopaminergic toxicity in the brain. Indeed, paraquat administered
systematically to experimental animals induces behavioral and
biochemical changes compatible with parkinsonian symptoms, such as
increase in rigidity, akinesia, tremor, decrease in dopamine concentration
and increase in pigmentation.

However, its blood-brain barrier (BBB) penetration has not been well
documented. In this study, we examined the manner in the BBB
penetration and neural uptake of paraquat using a brain microdialysis
technique in rats.



Materials and Methods

Regeants

1. Animal treatments
Anesthetized (50 mg/kg i.p., sodium pentobarbital) male Wistar rats
(250-300 g, SLC, Japan) were stereotaxically implanted with 22-gauge
cannulae in the left striata at AP + 1.0 mm, L + 2.8-2.9 mm from the
bregma, and - 3.5 mm from the skull, according to the stereotaxic atlas of
Paxinos and Watson (1986). Dummy probes were then placed inside the
cannulae. The rats were housed in plastic cages (30 x 30 x 35 cm) with
free access to food and water, and more than 5-day recovery period was
allotted. The animal experiments were done in accordance with the
guidelines for care and use of laboratory animals by the Committees of
Asahikawa Medical College.

2. BBB penetration

The microdialysis probes with dialysis area of 3 mm length were of the
I-shaped type prepared according to the method of Nakahara et al.(1994).
After inserting through the guide cannula, the probe was connected to a
microinfusion pump and perfused with Ringer's solution (146 mM Na+,
1.26 mM Ca2+, 4 mM K+, 1.0 mM Mg2+ and 154.5 mM Cl-) at a flow rate
of 2 ul/min.

After 4 h pre-perfusion with Ringer's solution to recover brain injury, the
dialysate was collected for 60-min. Then, paraquat (5, 10 and 20 mg/kg)
was administered subcutaneuouslly on the back of the neck.
Subsequently, the dialysate collection with a 60-min interval was
performed for 180 min. To test the suitz;bility of the brain dialysis
technique, the BBB-penetration of MPP+ (10 mg/kg, subctaneouslly) was
also examined. Paraquat and MPP+ in the dialysate were directly injected
into a HPLC apparatus.

At the end of the perfusion, the rat was deeply anesthetized with
pentobarbital, and the blood was collected from the heart. The blood was
deprotenized with 4 volumes of 0.5 N perchloric acid and then centrifuged
at 12000 g for 10 min. Paraquat in the supernatant was analyzed by the
HPLC.




3. BBB damage by paraquat _
[t was considered that paraquat might enter into the brain by the direct
injury to the BBB. To check this, MPP+ was administered 1 h after a
paraquat injection, then MPP+ in the dialysate was analyzed.

4. Amino acid transporter

To test if paraquat was carried into the brain through a certain amino acid
transporter, valine or lysine (200 mg/kg each) was intraperitoneally
pre-administered 30 min prior to the paraquat injection. Paraquat in the
dialysate was determined as described above.

5. Uptake into cellss

The concentration of paraquat in the striatum was measured after 60-min
perfusions with a 20 mg/1 solution of the compound followed by a 180-min
washout with Ringer's solution. The animal was decapitated, and ipsi-
and contra-lateral striatums were removed immediately. The tissue was
sonicated in 0.5 ml of 0.2 N perchloric acid, and then centrifuged at 12000
g for 15 min. Paraquat in the supernatant was purified with Sep-pack C18
cartridge and then measured by the HPLC.
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Table 1. The Recovery Efficiency of
Microdialysis Probe for Paraquat and MPP+.

the

n Recovery (%)
Paraquat 4 12.1+ 1.4
MPP+ 4 18.7 +2.6

The recovery efficiency of the probe was tested in
500 ng/ml of each drug solution. The data are

expressed as means + SEM.



Table 2. Effects of Pre-treatment of Valine and Lysine on Paraquat Blood-Brain Barrier Penetration.

n Extracellular level in the striatum Serum Ratio

O-1h 1-2 h 2-3 h i (2-3 h/serum)

Paraquat 8 1.40 £ 0.33 0.63+0.12 0.23 +0.04 2.50 +0.75 0.13 £ 0.03
(control)

Paraquat 8 0.41 + 0.09** 022 +0.04*, 91 0.19 +0.07 3.63 +0.87 0.06 £ 0.01
+ valine

Paraquat 8 1.08 £ 0.28 0.59 + 0.08 0.26 £ 0.08 2.36 £+ 0.54 0.18 £ 0.07
+ lysine

Valine or lysine (200 mg/kg each) was intraperitoneally administered 30 min before a subcutaneous
paraquat (20 mg/kg) injection. Data are expressed as means + SEM (ug/ml). Statistical analysis was
performed using a two-way analysis of variance (ANOVA) with repeated measures on one factor and one
factorial ANOVA, followed by the post hoc Dunnett t-test. * p < 0.01 and ** p< 0.05 vs control rats,
and 1 p < 0.01 vs lysine-treated rats.



Table 3. the concentrations of paraquat in the ipsi-
and contra-lateral striatum, after a 60-min perfusion

with 50 uM solution followed by 3-h washmg with
Ringer’s solution.

n Ipsilateral Contralateral

Paraquat 4 69.6 +31.0 not detected
(pmoles /striatum)

The data are expressed as means + SEM.
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TFig. 1. Typical HPLC chromatograms (A-D) of the dialysate samples before and after a 20 mg/kg paraquat
injection. A: before paraquat injection, B: 0-1 h, C: 1-2 h and D: 2-3 h after the admimistration. The chromatogram
E was from the blood sample collected 3 h after the paraquat administration (20 mg/kg).
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Fig. 2. Extracellular Concentrations of Paraquat and MPP+ in the Striatum after the
Subcutaneous Injection.

Drug concentrations were corrected by the recovery of the dialysis probe. The recoveries for
paraquat and MPP+ were 12.1 £ 1.4 and 18.7 + 2.6%, respectively.
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Fig. 3. Typical chromatograms (A-D) of the dialysate samples before and after a 10 mg/kg MPPt injection.
A: before paraquat injection, B: 0-1 h, C: 1-2 h and D: 2-3 h after the administration. Chromatogram E was from the
dialysate sample 0-1 h after a MPP' administration in the paraquat pre-administered rat. Chromatogram F was
obtained from the blood sample collected 3 h after the MPPT administration (10 mg/kg).
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Fig. 4. Paraquat and MPP+ Concentrations in Blood 3 h after Administration.
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Fig. 5. The Ratios of Brain Extracellular to Blood Concentraions.
Extracellular levels in 2-3 h samples were used.
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Fig. 1. Extracellular concentration of cefoselis in the striatum after an i.v. administration.
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