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Abstract

This study was designed to investigate the roles of cholinergic and excitatory
amino acid systems in the initiation of organophosphate-induced seizures and brain
damage in rats through quantitative in vivo microdialysis. Microdialysate were
collected from the hippocampus of rat brain, treated with
diisopropylfluorophosphate (DFP) alone, and/or atropine sulfate , and/or procyclidine
. DFP treatments increased the levels of acetylcholine (ACh) within 15 min, and
subsequently increased those of aspartate (Asp) and glutamate (Glu) significantly

in the hippocampal persuate with the induction of seizures. Treatments of atropine



could not block the increase of ACh release induced by DFP, in the contrary, it
increased the release of ACh more profoundly. Treatments of atropine decreased
the levels of Asp, Glu significantly compaired to those of DFP treated groups.
Atropine treatments showed significant anticonvulsive effects against DFP-induced
seizures. Treatments of procyclidine could effectively block the increase of Asp,
Glu levels, in the contrary it increased the release of ACh more profoundly.
Procyclidine treatments showed significant anticonvulsive effects against
DFP-induced seizures also. These results may suggest that the increase in
extracellular acetylcholine is capable of triggering the release of excessive amounts
of Glu from affected glutamatergic neurons and the released Glu damages

neighbouring neurones and eventually lead to neuronal death.
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A AR Aol FRASA AFEE L U= A TFAEA 2 w1
AA 5A4S Fadtctar d2ix At (Tonduli 5, 2001). W2 F7]gAE AA
ol A acetylcholine(ACh)& 7}F=4#-3l8l= acetylcholinesterase(AChE)ZS W] 7} & o
2 Ao zA Axed Fo AChY #Ed 4S5 z#istA ot gt
(Tang¥} Cassel, 1998). olo] uwlz} A& 2 <l FE5=4 22 muscarine ¥ (muscarinic),
nicotine¥ (nicotinic) 7ol YeEtUH, tEo] 49 AAd 22 FFAAEA T4l
YEl A "tk (Moretto, 1998). A H-& T3 A AANA F7194 F5
¢l Z=Ao & A (Lallement 5, 1998; Lallement %5, 1999), o]&= 7HaAXMeE &2 W= A 23
Hol ¥ E£AS dozitty B st ti(Jacobsson 5, 1997 Mcloed &, 1984;
Mcloed, 1985). 71149 ]38t = &) AChe HddS fdsts 271UAEA

189 stm, AWz Fuel FHE AChS FRA ohuwsAE 24 skatel

A7t

NMDA &A1& &3 AEZHZ A}t Za FJo= Qe A= AAMEALE 4
o7tk 4 A dHSolberg®t Belkin, 1997). 1222 84 ofn A Al=
A F5 Al ¥ &48 4ol Fa83 AdAke]a(Helden?} Bueters, 1999), &7 7]
7 30 ®BauEo 9t (Mcdonough %, 2000). whzh
A, B AT = in vivo microdialysisE S AFESY] F71A S5 o] wE Al
AAGEL A S dotr izt ¥ Fjul wAFEA A F2] ACh, choline(Ch),
aspartate(Asp) % glutamate(Glu)¢] ¥%2 =Astgct Y271 84 2349
atropines Ab&3te] fF7IR1A F5 Al #Eg FUAAAY] TS HFoEA A

W e 988 & Unn A4t =F F3d4 483 NMDA 584 2aA
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250-300 gl Sprague-Dawley 7 235 Aol AFEsIATH(F)hghnto] o8 =,
Korea). Ketamine 30 mg/kg® xylazine 3 mg/kgo & Z&FAlsle] nl3 = 3519,
A A THEeE A& 375 T2 FA AT 4 94 ] (stereotaxic apparatus)S AH&
3to] guide cannulag v E 3 FH < TF Fvle] A, FAFA F A9 #F2
ALe} dental cement(Bioanalytical system Inc., USA)® guide cannula® 1274 3}$3t}.
2 mm semi-permeale membrane tip dialysis probe(Eicom, Japan):= $Z sfjupi9

(AP: -5.8mm, L: +4.8mm, H: 4.0mm from dura matter)?] AFA AL EZL] 5=

= =
= 1

A&t7] 9l&l guide cannulatl & 5341 th.

(1) ACh+} Chs #HE8t7] 93 vAFA 43

=

934 4% F uNT] FAY]

)

= = 5 Adgsida, vAFA o ACh %
Chs A&3t7) 99381 AChE Z3&A2 eserine 200 M-S high K Ringer's &9 (Na
51 mM, Cl 1556 mM, K 100 mM, Ca 2.3 mM)el #H7}3}t}t. Probew #HFHEZ
(Bioanalytical system Inc., USA)E A}&3}4 high K Ringer's £94< 2 wl/mino &

ok vARANe 158 Ao E %ol F 6 F



(basal concentration)E& ZA3}7] 98] &S Folstz] A 3712 mlAlF AL v

Hakit.

F 2442t FANME £ F A4, VAT W Asps Glu

2~
=
94 high K Ringer's €d o g0l A7 2 vt mAFAHAL 308 7F

3

ftlo
ol

Atropine sulfate 15 mg/kg$}t procyclidine 30 mg/kge 57l o] A&
al, DFP 267 mg/kges J715° =0l A&tk E3  atropine sulfate®t
procyclidinee +%FALS 31911, DFPE 9 etFAS sttt

MR

3. ACh ¥ Ch 24

R

Y sjnf vHEH Y Fo] ACh %+ 7|3tk % 7] (Eicom, Japan)E ©] 83
e A ZZutE 2 (Shimadzu Co., Japan)E AM&3Fo] EA&Ath. 25 mM
phosphate buffer €9 (pH 353 10 mMe EDTA7} #7118 & YExz &=

e 1o

ot
%
ol
o

1 UM ethylhomocholine(EHC)S &%&3t9 3L, vMFA N2 EHCS FFo=
o] FHo FHII}AL. nAEAAS AChS EH37] Ys] Cis column(Eicom,
Japan)oll 43993, AChE$ choline oxidase® 11435 o] ¥ enzyme-reaction
column(Eicom, Japam)©2 % ACh<S hydrogen peroxidase® W32F3lo], 450 mV 9
platinum electrode® 7% 3t} th o] AL 100 mM phosphate buffer &< 1 Lo

200 mge] sodium 1-decanesulfonate 9} 65 mg tetramethylammonium chlorideg

-3 -



7hshsiet.

4. Asp, Glu &M

Y amt mAEAY 9o Aspet GluE RE-10Axe ¥3% #A%7](Shimadzu Co.,
Japan)& ©]-&3 145 HAAmvETHI(HPLC)E AH&ste] SAstdh d% A
%719 excitation 342 330 nm, emission IF2 418 nm=z A A AT w4 FA oF
W Asp®t GluE #835t7] 93] Cis column(Waters, US.A)S AM&3131 3, LC-10AT
pump(Shimadzu Co. Japan)® binary gradientE® ©<3 2& ®HE&2 E3stgth
0-100/0; 2-100/0; 4.2-0/100; 6-100/0 (min-%A/%B). °]&74 At 0.1 M sodium
acetate buffer(pH 6.95), methanol, tetrahydrofurang 925 : 5 : 25%2 ZA3F 1L, 9]
=24 BE methanol, tetrahydrofurang 975 : 252 ZA3ATh F45< 1.2 ml/mine

A e ar, EAA e OPA 89 methanol 1 mlol OPA 27 mgg &3lste] 10
10 B-mercaptoethanol® 9 ml sodium tetraborate buffer(0.1 M, pH 9.3)2 £3%3}1
th. OPA &< 10 pb ¢F "]AIFA A 20 wEs &3t 4 CTolA 1 23F &S Al
T 20 wE FYsArh

N

5. A4 ANg|

1% AR ETHIS o]&ete] dojzl EE AFRELS student’s t-test®
s HAASA, AA fFE A2 ANOVA  test®t tefAdo=ze
Tukey-Kramer test= o4& HAAA =S FoAstr] A vAlFA 9
ACh, Ch, Asp ¥ Glu %5+ 100%= H A3t o] X544 mean + SDZE YERY
At



g F oA DFPE w5 FolatdS wf Fof = 317 + 4230 A#o] st
a2y DFP$} atropine B4 Foi2 583 + 2940 ZHuo] F2yEAdx DFPS}
2

procyclidine §A] Foat2 473 =

W sjnl mAEAMA Fo AChY 7|AEEE 164 + 8(mean * SD; n=18)
fmol/min°]t}. ™) &+

rlo

T7E T F 15, 30%e 77t 76, 48 %= nAFAY F
°] ACh X7} &gt ARt DFP @5 Folate Fo F 15 30l 163, 149 %=
ACh =7} 93 Z712 YeERAtHp<0.05, Fig. 5A). DFP$} atropine 54 %o
T Fo] ¥ 3087hA = DFP @5 Folity {93 xo]lE Holx| gkgton} 45k
¥ 90&71A DFP$} atropine §A T4 ACh F%7F fFostAl F7keksla,
BEdds 714 sRRT 317 %7t SUtete] Hal = E UERATH(p<0.05, Fig. 5B).
DFP$} procyclidine 54 £ Fo & 156871 = DFP ©5% Fo73 §23h
ZpolE Holx gkgkon}, Fol F 30&FE 90%71A DFP @ FojFHuh fo)dt
718 et a, 458 E 714 FERT 556 %7F S7tetel A sEE e
H(p<0.05, Fig. 5C). Atropine ©%5 Fo72 ¥ 3vlE-$] AChe =+ 15, 30, 45,
60l Z+Z+ 164, 332, 468, 518 %= F7tske Aol yEhutth(Fig. 6A).



flo

Procyclidine @5 Foa+S Fo] & 15 30, 45, 600 z+z} 278, 553, 493, 514 %=
7Vt A&l YElEa(Fig. 6B), 7 FoAwte fg Aol #FAET = ATk
(Fig. 6C).

o afep W AFEA Y Fo] Che 7|A¥EE 38247 + 21651 (mean * SD; n=14)
pmol/min°] At x> F7IEFS Fo 5 15 30 2ol 22 60, 49 %= Ch F=7}
FagAAN DFP 9 Fore Fol § 15 30 2o 242 120, 94 %= 15% ¢ Ch
i =5 YetliAT 5 Foaite] #olgk Aol HolA gkon, DFP ©
Folie 2R ¥ divupi9e Ch v/t Ao ¥ A o] eyt
(Fig. 7A). DFP %o+ 3 DFP% atropine 54 Foox= F Fo]#7He 93 2o
= Bolx ¢tor} DFP @& Foto] DFP$ atropine A Foito] nlal] > 3
npE9le] Ch s&=7F Al ez 22 4ol YEWtH(Fig. 7B). DFP o3} DFP
¢} procyclidine &A FATE F Foazte] fogk ztole= HolA| &E9kort, DFP
tisFolito] DFP} procyclidine &4 Foftol Hs] = sjvki91e] Ch =71 4
Yoz =& o] el (Fig. 7C). &3 atropine @5 FolT o] ¥ FvlF-
o] Ch v%e= dEzad F93 Aole Holx] Fgtoy Foixew Che F%7t
=& Aol Ve H(Fig. 8A). Procyclidine % Fo % x99 F93% o)

HolA ggkort, ¥ sfvki-¢le] Chel s&=7}
Atropin &% %o+ 3 procyclidine &% FoaE F
o] A gkgko} procyclidine ¥ Fo]<to] atropine ¥

vhEelel Chel FEE o %A tehbe Zgol tehgehFig. 80

Lo

At
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4. ofE2 Fo ¥ = sfiof o/MFA S2| Aspe| 5= HE}

= el mAFEAd Fo] Aspe] VA FEE 1296 + 0.766(mean * SD; n=12)

pmol/min®] Tk, DFP W= fFojo] &gk ¥ sfupi-9] Aspd] s=e Fol $ 90, 120,

150+&l 7+2F 380, 490, 365 %= xRt Foldt T7FE YER A TH(p<0.05, Fig.

10A). DFP®} atropine Al Folir2 Fo & 30245H 30074 DFP ©5 Fofd

913l Aspel 52 FodA #AAZH (Fig. 10B), DFP¢} procyclidine A o+

L o] 3 30&FH 300274 DFP w5 Fofo] ofgk Aspel F7FE A o=w 3
233 oF(p<0.05, Fig. 10C).

5. ¢f2 Fo ¥ & sfof OjMFA S2| clue| 5= HE}

¥ sk wAEAd Fo] Glud VA FEE 9734 + 5175(mean * SD; n=12)
pmol/min®]t}. DFP @& Foj#& tizartt Fo] 5 30E85H 15082704 #93
T7HE YERAL, Fo & 1200 1A FEET #3440 %9 Glu FE7F A5st
A THp<0.05, Fig. 9A). DFP$} atropine A T2 Fo F 3085H 180E7HA4]
DFP @5 Foo o3 Gludl % 35 FostA #AaA A tHp<0.05, Fig. 9B). DFP
9} procyclidine &4 Foa%E Fo

‘.

F 30%2%H 1802744 DFP &% Fold og
Glusl %% 452 #2154 442AZHp<0.05, Fig. 90).



Ch

EHC

Ch
EHC

ACh

AwCh

Fig. 1. Representative HPLC chromatogram of ACh standard (A) and hippocampal

microdialysate (B).
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Fig. 3. Linear relationship between peak area and concentration for standard
solution of ACh. standard solutions (3 concentration, 3 points per concentration)
were prepared by diluting the stock solution with a microdialysis buffer. Data are
corrected with the appropriate external standards and are expressed by mean =*

SD.
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R
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Standart Concentration (pmol)

Fig. 4. Linear relationship between peak area and concentration for standard
solution of Glu. standard solutions (3 concentration, 3 points per concentration)
were prepared by diluting the stock solution with a microdialysis buffer. Data are
corrected with the appropriate external standards and are expressed by mean =*

SD.

_11_



Table 1. Onset time of convulsion induced by DFP, DFP + atropine, DFP +

procyclidine treatment

DFP DFP + Atropine DFP + Procyclidine

Min 31.7+ 4.2 583+ 2.9 473+ 2.5
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Fig. 5. The effects of drug on hippocampal extracellular ACh levels: (A) Vehicle
(Sham control), DFP (2.67 mg/kg), (B) DFP (2.67 mg/kg), DFP plus Atropine (15
mg/kg), (C) DFP (2.67 mg/kg), DFP (2.67 mg/kg) plus Procyclidine (30 mg/kg).
The values at 15 min before drug injection were used as the control value (100
%) for each animal. Hippocampal dialysate collected for 90 min after drug
injection. The amount of ACh measured in the six samples taken after injection
were expressed as a proportion of this. Error bars represent the standard deviation

of 3-4 animal per drug (p<0.05).
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Fig. 6. The effects of drug on hippocampal extracellular ACh levels: (A) Vehicle
(Sham control), Atropine (15 mg/kg), (B) Vehicle (Sham control), Procyclidine (15
mg/kg), (C) Atropine (15 mg/kg), Procyclidine (30 mg/kg). The values at 15 min
before drug injection were used as the control value (100 %) for each animal.
Hippocampal dialysate collected for 90 min after drug injection. The amount of
ACh measured in the six samples taken after injection were expressed as a
proportion of this. Error bars represent the standard deviation of 3-4 animal per

drug.
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Fig. 7. The effects of drug on hippocampal extracellular Ch levels: (A) Vehicle
(Sham control), DFP (2.67 mg/kg), (B) DFP (2.67 mg/kg), DFP plus Atropine (15
mg/kg), (C) DFP (2.67 mg/kg), DFP (2.67 mg/kg) plus Procyclidine (30 mg/kg).
The wvalues at 15 min before drug injection were used as the control value
(100 %) for each animal. Hippocampal dialysate collected for 90 min after drug
injection. The amount of Ch measured in the six samples taken after injection
were expressed as a proportion of this. Error bars represent the standard deviation

of 3-4 animal per drug.
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Fig. 8. The effects of drug on hippocampal extracellular Ch levels: (A) Vehicle
(Sham control), Atropine (15 mg/kg), (B) Vehicle (Sham control), Procyclidine (15
mg/kg), (C) Atropine (15 mg/kg), Procyclidine (30 mg/kg). The values at 15 min
before drug injection were used as the control value (100 %) for each animal.
Hippocampal dialysate collected for 90 min after drug injection. The amount of Ch
measured in the six samples taken after injection were expressed as a proportion

of this. Error bars represent the standard deviation of 3-4 animal per drug.
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Fig. 9. The effects of drug on hippocampal extracellular Glu levels : (A) Vehicle
(Sham control), DFP (2.67 mg/kg), (B) DFP (2.67 mg/kg), DFP (2.67 mg/kg) plus
Atropine (15 mg/kg), (C) DFP (2.67 mg/kg), DFP (2.67mg/kg) plus Procyclidine
(30 mg/kg). The values at hippocampal dialysate before drug injection were used
as the control value (100 %) for each animal. Hippocampal dialysate collected for
330 min after drug injection. The amount of Glu measured in the eleven samples
taken after injection were expressed as a proportion of this. Error bars represent

the standard deviation of 3-4 animal per drug (p<0.05).
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Aspartate Output (Con %)
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Fig. 10. The effect of drug on hippocampal extracellular Asp levels : (A) Vehicle
(Sham control), DFP (2.67 mg/kg), (B) DFP (2.67 mg/kg), DFP (2.67 mg/kg) plus
Atropine (15 mg/kg), (C) DFP (2.67 mg/kg), DFP (2.67mg/kg) plus Procyclidine
(30 mg/kg). The values at hippocampal dialysate before drug injection were used
as the control value (100 %) for each animal. Hippocampal dialysate collected for
330 min after drug injection. The amount of Asp measured in the eleven samples
taken after injection were expressed as a proportion of this. Error bars represent

the standard deviation of 3-4 animal per drug (p<0.05).
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1A dode= ¥ &4 oA FAAGAL T obnmAbAI ekl A A A
HelE B3 A in vivo microdialysis® S AF8-3F 3L, 3 F ] ¥ dnp mAFA]
<2 ACh, Ch, Asp ¥ Glu® 242 145 AAARvtEIRI S o] &3 7|3kt
AE7] 2 AR ol BAS EAGT dvtdew Ad B o &4 V1A
2 R4 AAAGA, 53] NMDA &4 &Adste] o3t Mxu 24 Fdz 2
Aok dA#dAde] A= Aoz dHA  dtH(Testylier?t Dykes, 1996, Mody <t
ojgh ¥ EAelA FAA AAEE w
2 T84 obr =AY s FEol AAHL o AAE 28T B AR <
Fe A dA @k B A7 ostd 3 F A DFP 95 FAE HS W F
o & 317 + 42%° ZA#Ho] {FAHJA T DFPe} atropine Al Foi-2 583
29% ) A@o] F2¥ 1, DFP2} procyclidine EA TS 473 + 2584 A
o] &AL o= DFP ©5 Fojo 93] f#5 = S atropine?} procyclidine
S FoAFgoEm gRHoR AAANAES & F AT I DFP @5 Folate 30
el ¥ afukE-91e] ACho] tizxzaHt folstA &
Glu¢t Aspel #Hi s&=5 Yetldrh 919 A= F7IQAlol o3 ¥ 47 A
¥ 3mbE91e] AChe] Aoz AufHe] 27|AAEA AChe] 8% 9&S 3t
aL, ool mE FRA otmmAre] frEl Frbel os ¥ EAde] fudEteE AS
Mcdonough®} Shih(1997)% o]¢} 72 F7el A3 E R uskel v, DFP$} atropine
A T o Sjubi-le] AChe] Fol F 607l Hil v=E YEhHaL o] Az
A FEA] AChol Z7|91A= F a3 988 3slal, DFP
Atk L3 DFP$} atropine §A] Folo] 2
078 FrolatAl #Hastz] AlAste] Glus

180E7HA] A& 2]l FanE WEP AL Asp 300 7bA4 A& 2] #Ha7E YERsTh o]
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