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Fig. 1. Typical chromatograms of (A) standard Asp and Glu (0.125

pmol), and (B) hippocampal microdialysate (5 pf) collected from a
rat brain post DFP administration (2.67 mg/kg, s.c.).
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Fig. 2. Linear relationship between peak area and concentration
for standard solutions of Glu (A), and Asp (B). Standard solutions
(4 concentrations, 3 points per concentration) were prepared by diluting
the stock solutions with a microdialysis buffer. Data are corrected with
the appropriate external standard and are expressed mean + SD.

Z73 ¥ Al DFPE o § 3089l 79%, 1.5417F ¢l
3 224%9 Glu A%5S HE O™, muscarinic antagonistS!
atropineS DFPS} W4k wollAl= DFP ©55olo] Hsld
i Gdl fEl7t rasEe AR BIA|IT AT Hsol
o)-e- A3}, = 28 2 NMDA Z3zhg-2 ol Hol
& procyclidine® DFP9} Aol FoAst FolA= DFPoll <&
G #2578 €43 A & + UUrh Awopinedt
procyclidine® DFP Foje} FAlo| BMEFo ZolMe o &
308 ool Glu ¥ol ETe] 26%= AstElen, 2417k
T HAXE BAh

oFEFRojo] wE AIZPE ajute] Asp WShE 2F 4oA 9}
2T, DFPEE BordMe 27 30872 A4 == A+
o7} gilent, ol A&HoZ Frlsid 2A17F Aol HaL o)
279 312%9) =23151tt. Atropine F3, procyclidine T
o}, atropine 2 procycline®] FA] FowollA 25 DFP &
= Bzl nols dAT Asp FEIH SV AR A
o] AA=HAUTE.

ZAgHoZ vl CAl F9lo 542 WPyt dEEE



150 TR s - A PR - 0T - oy - 7R

600 4 600 4

GV . ®)

500 500 T
400 400
w —
»n . N
2 |
= 300 300 ”’/‘{ h
T /I 1
5 AN L
£ T . AN LT
£ 200 200 / \ 2N
2 AT
-] y
<4 /4 ¥ »
2 100 W w00 &1 | L | i
1w 1 | 1 x
< . 1
04 04 -

1 2 3 4
Time (Hours)

Orug treslment point

1)) o

¥
ongtmotmentpont  Time (Hours)

600 -
©

LEER

—@_ DFP+Alropine+Procyclidine

2
E
R 300 \ 300 4 / }
£ x/ ‘ X
£ £
T 200 ? I \{ 200 i/ K
£/ T / %i\
& 1004 o E T ; } \E 100 .Lj\ 1
) t T i—i frs —ens
o 1] l g4 . e T U ES

“]

12 3
_Time (Hours)
Orug rediment point

2
h )
o veamentpan 1 IME (HoUrS)

Fig. 3. Time course of Glu levels in microdialysate collected from
hippocampus of awaking rats before and after drug treatments. A,
Control group and DFP treated group: B, DFP treated group and DFP
plus atropine treated group: C, DFP treated group and DFP plus
procyclidine treated group: D, DFP treated group and DFP+atropine+
procyclidine treated group. Atropine (15 mg/kg) and procyclidine (30
mg/kg) were injected intramuscularly immediately after DFP (2.67 mg/
kg, s.c.) injection. The collection time was 30 minutes. Concentrations
are expressed as % of mean baseline value. Data are expressed mean
+ SD. Data are obtained from the average of 3 rats (*: P<0.05).
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Fig. 4. Time course of Asp levels in microdialysate collected from
hippocampus of awaking rats before and after drug treatments. A,
Control group and DFP treated group: B, DFP treated group and DFP
plus atropine treated group: C, DFP treated group and DFP plus
procyclidine treated group: D, DFP treated group and DFP + atropine
+ procyclidine treated group. Atropine (15 mg/kg) and procyclidine (30
mg/kg) were injected intramuscularly immediately after DFP (2.67 mg/
kg, s.c.) injection. The collection time was 30 minutes. Concentrations
are expressed as % of mean baseline value. Data are expressed mean
+ SD. Data are obtained from the average of 3 rats (*: P<0.05).
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Fig. 5. Photomicrographs of the hippocampus stained with cresyl violet, showing CAl area 7 day after drug treatment. A, control group: B,
DFP treated: C, DFP and procyclidine treated group. Necrotic dark degeneration of CA1 hippocampal pyramidal cells are indicated by the arrow.
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The Roles of Excitatory Amino Acid System in the Organophosphate-induced Brain Damage

Bong-Woo Ko, Eun-Hae Park, Dong-Sik Kim, Sung -Hyun Bang, Joo-Yeon Jin, Dae—Sung Kim, Chang-Wan Ju,
Kyung-Kap fee, Moon-Jae Cho', Somi Kim Cho', Bong-Hee Lee!, Key-Zung Rlu Min- Kyoung Park® and Young-
Jae Lee* (Department of Veterinary Medicine; 'Department of Medicine; *Faculty of Horticultural Life Science,
Cheju National Unversity, Jeju 690-756, Korea; *Department of Food and Nutrition, Chungwoon Unversity, Hongsung
350-751, Korea)

Abstract: This study investigated the role of excitatory amino acid systems in the initiation of organophosphate-
induced seizures and brain damages in rats through quantitative in vivo microdialysis. Microdialysates were collected
from the hippocampus of rat brain, treated with diisopropylfluorophosphate (DFP; 2.67 mg/kg, s.c.) alone, and/or
atropine sulfate (15 mg/kg, im.) and procyclidine (30 mg/kg, i.m.). The protective effects of atropine, a muscarinic
blocker, and/or procyclidine, a N-methyl-D-aspartate ‘and cholinergic antagonist, against DFP were examined. DFP
treatment increased the levels of aspartate (Asp) and glutamate (Glu) significantly in the hippocampal persuate with
the induction of seizures. Treatment of procyclidine could effectively block the increase of Asp and Glu levels.
Atropine treatment showed no significant anticonvulsive effects against DFP-induced seizures. The increases of Asp
and Glu levels by DFP were also completely blocked through the combined treatment of atropine and procyclidine.
Histopathological findings on the hippocampus confirmed the above results. More effective protection was observed
through the treatments of procyclidine alone or of both procyclidine and atropine than atropine alone against DFP-
induced brain damage. Procyclidine was shown to be effective in DFP-induced seizures.

Key words: acetylcholine, aspartate, cholinesterase, convulsion, DFP, glutamate, microdialysis, hippocampus,
organophosphate
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