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Abstract  In the present study, we examined and compared the effect of exogenous lysophosphotidylcholine (1PC), a
physiological substrate of neuropathy target esterase in mouses on intrasynaptosomal Ca’* mobilization in prepared mouse and
chicken brain synaptosomes. LPC dose-dependently caused an intrasynatosomal Ca’* increase with a similar amplitude in mouse
and chicken synaptosomes in Ca”* -containing medium. Preincubation of the synaptosomes with verapamil, an L-type Ca** channel
blocker or cadmium chloride (CdClL,)» a non-specific Ca>* channel blocker of cell membranes did not affect IPC-induced Ca®*
increase. In Ca’* -free medium, LPC did not induce intrasynatosomal Ca’* increase but produce significant decrease. These
results indicate that IPC can slightly increase the intrasynaptosomal Ca’* levels by its detergent effect on membrane. No
differences were observed in either the amplitude or the mechanism of LPC-induced calcium increase in mouse and chicken
synaptosomes. Suggesting that the difference of delayed neuroloxic symptom between mouse and chicken may not be related to the
diverse amplitude of intrasynaptosomal Ca’* overload produced by LPC [ Acta Zoologica Sinica 53 (1): 123 - 129, 2007].
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H LB AL A Y COrganophosphorus  compound;
op) RIRZ, WM Z, mTRZH op Mtk
BOK, eAITRRSE 2 A g ARSI BN R
il FEIE ™ B T, PR RIS 75 B2 500 it
AR R Al op wIAE N KUK S Y
PARP BRI REIE SO e — ot e 30 £ AR m R
M5 (Acetylcholinesterase, AChE) & E5 [ 1) 2k
BEs o) BHUZIR AR, RIVA— ke IR
P L op IR IIR R d 0, BLEARO A
WU 2 156 15 & 1) 38 % 1 #2899 ( Organophosphate-
induced delayed neuropathy, OPIDN), H 3= BRFAE &
FEREME OP J& 7 — 14 d SCE A I ] H LR B8 7 &
VAP 59 T 0 MR, FE 28 e 1Y IR
( Abou-Donia and Lapadula, 1990; Johnson, 1993).
HARA 5% OPIDN W98 CAT JLH4E 1 s s, HAL
FIRHLEIS AN T o AN, 22 990 I i g
(Neuropathy target esterase, NTE) ¥% ¥ (130 F1 Bt 5
KA “Z AT & OPIDN Kk 7L [ le bh b 3%
(Johnson, 19690, {H NTE 3 HIANE AL )5 i fe] 5 ik
OPIDN FR A2z, o ) (AR 22 2495 1 AN J G

BT NTE A5 /)N UK P9 BIE B i — b g o B9 155
Mt} (Lysophospholipase, PLAY, LA BN N &
M5 %5 5 Lysophosphotidylcholines LPC)o 7 SE
RYWoR, G TEEErE o A5, SWHEHA
LPC & B W 2 Th i (Quistad et al., 2003; Quistad
and Casida, 2004), X —KILALATHTFT OPIDN (1)
FAENUHIETT T H A .

LPC 2 40 O i i Al S 2 oh o) =4, AR
HDR7 33 = i e o < 8 S (B E P i R s o S e 7
W T, M RZMAENGE S E LR (Wang
etal., 1997). MITHWMAEH, LPC M/ ERLKZ
JFAE, AHAEAR 2 BUR A T Al WS & T . AE
ML, W LPC 2 3 B 28 7o I HE 4 A1 s
BioeAE M (Hall, 19725 Quinn et al., 1988; Jean et
al., 20020, X5 OPIDN ) 5 2 42 46 1R AT {L
( Cavanagh, 1954: Kostrzewa and Segura-Aguilar;
2003). S HI T NTE 72/ AR 52 — Bl NTE-
LysoPLA, F&AITHE W OPIDN [ & 4 W] fig & NTE-
LysoPLA 3G PE# OP Wil )5, HIRY LpC & & T &,
PRI I — 28 51 9Bk S i 25 B0 28 70 M i i A0
BhRAZNE o

DAERIWFZER W], LPC BE 51 2 M 40 i 1 40 i
WS B W BETE M (Okajima et al., 1998; Yu et
al., 19980 FhE5 1 B TH v 2 7 B0 1 AR o)

(1) B fif, IX O AE — 28 gl &8 PR 5 A2 o 15 3 F S
(Schlaepfer and Bunge> 1973: Schlaepfer and Hasler,
1979: Schlaepfer, 1987); i 4 55 5 8l ) v 5 415 5
T#H 4% (Tonomycin) B AR B s R £ T
L BE AN 4 5 B AR PE, B LPC 51 i 9 B AR 4k
AHAL (Smith and Hall, 1988; 1994). £ OPIDN K4
TERE AR, T DAl S A U G TR R )RR T R
H AN calpain & YESG N, 10 calpain W 55 5l 52 (1)
UM B Ao B AR D% (Berlet, 1987). 73 4b,
OPIDN " EAEHAEBEAS Ca/CaM PK HEAG IR 2 1 0512
WA BT R, X ] RESs 3 3040 i 4L HE ) R
55 W R AL N (El-Fawal et al., 1989, 1990;
Wu and Leng, 1997; Choudhary and Gill, 2001). %5
Hrixseszag g8 4L, FRATTHEN LPC 7E OPIDN " i) 3L
WA A T e 5 A 5 4H i P 45 R O .

OPIDN 5 — & [ Fil J& & J& vk, K 2 5z ¥y n
ey L ML . WSS RBUZSY, HEEHTA
P50 A HEHLBLAIE 5 1) 2 AR /)N B A R A B
&, fE/NERE oP 5 SRR R R HH I —E 1
o AR Ab A AT R )R R M 2R B MO R
( Abou-Donia and Lapadula, 1990), X7Fi% %424 75
Fefih OP J5 1) 3 -4 d WA, T LAY 1) OPIDN JE AR
WIFE 7 - 14 d AL (Wu and Casida, 2001)0 ANSE
B MO OPIDN 80K PR 5 A1 B XS T AN B 1) s 4
NI B, T8 L6 L SE I TR LPC X I
TRy 1o 52 fi A P 495 9 B S e 1) S ), 23 AT LPC
IS ECAE OPIDN H IVE T, 80 /N BRUFI X
f) OPIDN FJREAR LA [R] ) J5L [A] o

1 MRS TA

1.1 )

RRAE BB (A HEPE /N R (KM A R D, T A b
REFEAET LI L, 5-6 AR, KHE 25 g
fidi, Rl 3 B %8, iksh A mie.
YoK, WFRERBEREE 25°C A, HRLE, iE
B3 d G TR . B R, ok B bR AR
BlEBEBOR BRI, XS 4 AR, Il 5 8
WFE, AR E B R AROK, X A IR R A
25°CHAT, FFRIGH 12 hy &N — 5 247 5
TSI AL 5 /> — HEhW .

1.2 ilH

Fura-2/AM. ¥ I 59 @5 IE CLPCO. 4E /R M3 2K
(Verapamil ) 7~ IfiL ¥ H & A (BSA). S Ak
(CdCL) 48 Sigma 2wl 7= s % B 52 i G-250
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A Ei 1 Fluka A7) (Chemia Biochemika) 77t FHeAth
AN E =3 M2l Fura-2/AM H DMSO A il B
1 mmol/L A, T - 20°CHEOGIRFRH, 4ER
WK LPC. BSA M7 Dyl = B ] 2 3 1 = 7540
K AL -
1.3 Sk mHl e

3 A6 X RN Bl T Sk B SAL A, TR
HOR I, & T UKA B 0.32 mol/L BEHE W (& 50
mmol/L Tris-HCl, pH 7.4) ", /N0 340 35 i 55 A ifit
B, OWE, A 10 fF AR 0.32 mol/L FEHE K,
WIS KABM TN, EF 20 K. SIHKBEL 100
x g B0 10 min, AJFWBE LR N ) HE
KA RTE RS R WA FiEwh . HiEWEE
12000 g 500 20 min, KA. HERIFISE kA
BROTGE o« KEUTHE T 0.32 mol/L BERR &S5, /D
BHTE 0.8 mol/L A1 1.2 mol/L HEWH I Y R 1) JHE Bl 2 i
B FETR 12230 000 1/min (100 000 x g) R 2.0
1 h, 0.8 mol/L 5 1.2 mol/L EERE Ak Sk, Jik
JEUTE A RAR . 4 0.8 mol/L 5 1.2 mol/L FHTHI
Z 1) 1WAk, BT AE 0.32 mol/L BEOBE W
15000 x g» 50 20 min, HCYLHE N T 5
(ACSF, 7 A7 8 mmol/L) (/N NaCl 132,
KCl 3, MgSO, 1, NaH,PO, 1.2, D-Glucose 10, CaCl,
1, Hepes 10, pH 4 7.4, ¥i&EEN (290 + 2.0)
mOsm; *: NaCl 120, KC1 2.5, MgCl, 1.2, NaH, PO,
1.2, NaHCO; 25, D-glucose 10, CaCl, 1, Hepes 5, pH
M 7.4, BIEK A 300 £ 2.0 mOsm) & VE,
5500 x g, /0> 10 min, JUUEEETE ACSF H1o A
BAETE0 - 4°C N REAT, SRR 2 E T 85%,
BIK B, ARG 2 -3 h WllE .
1.4 S AR E

1 Bradford (1976) #1715 € & v5 W 58 By il 4%
(Sl A R B R B, DA s & 1 (BSAD AR
e EARE, H UV-754 200606 C Rl EE =)
AR = kD e .
1.5 SR oy 85 B iR L e

I ER S A&, H ACSF ¥ 8 1 7 i
1.6 mg/ml K47, MMNIEH ) Fura-2 /AM (249K
FE 5 pmol/L) AT 148, 37°C, WEH 35 mino 2RSS
VK1) ACSF /G UEM I (4 500 x g» 5 min, 4°C),
BN R M AATTE F ACSF B3F, B AR IHEY
0.15 mg/ml, ‘B IK _EARAE, W 5E §YH N 8 2
mino

Fura-2 (29638 BEM € HI H 57 F-4500 47586 XL

WKy A B BT W e AN WO 6 340
nm A1 380 nm, A 510 nm, O EHAM 5 nm,
RSHCEHM 5 nm, HUER 700 V, W E M E N 25°C
I — € 812K Fura-2/AM 15 fil AR 239 (500 — 800
pD s MAZ T, $2 L S B AT X il e
WA G R 0.7 so W5 — BEI [R] CHEH S2 56
HARBRA D 5 M Triton X-100 (9
FEHN0.1%), f# Fura-2 F1 Ca>* 45 A IA1BF, W&
BRFICAL R, (Ful Fy ) 2750 s LLJE 50
N FE ) Ca>* B EGTA (ZHKRBEN 5 mmol/Ls
pH 8.5), U4 cat, ¥ Fura-2 U725, M1
/NG HUE R,

FRYE Grynkiewicz et al.  (1985) $Hi £ ML /A
U S AA PV B B K BE, Fura-2/AM A2l
[ca® 1 kAKX N [ca" =K, [ (R-
R,)/ (R, -R) CF_./F,) ¥, K, K
Fura2 5 Ca®* SR B #4224 nmol/L: R
N TE B Fogl Fry ROCTRE WAL R, Ry 5
Bk IR (0 B KR S NG WA s F
IYRARE Ca¥t N T AN, 4E 380 nm A OE T
AT Fura-2 RIGCHRSE (Fy)o SEPRTVESE t H AL
F-4500 50 & RS € A A8k .
1.6 LPC 85 N& %W L

Fura-2 5800 1¥7 /5 BRI XS 1) 5 i 48 HI ACSF 1
AR E AW (0.15 mg/mD), FIE LPC X
S AR R I8 25 2N
1.7 ¥ b

Bl LT B + #rUER (Mean = SE) R
KRS B b, 2255 B ERISR A ¢ K.

o

2 4 R
2.1 AFREE ) LPC XS/ BT i 5 fid 44 Py 5 25
TR 52

M 1R RUE H, BEE LPC WL TS, /N BRI
R 35 R i A PN 0 A S R BB 2 T, SRBLR
FEMCHTE G FR o LPC WK BEAE 10 pmol/L BA R B XS 5
flldAk 8 TR A E (P o> 0.05, /b
W: n=6 : n=5, KT 10 pumol/L J5 T4 5]
A SR A A S TR L BT R (P < 0001,
B 10D, AH LPC X P A sl A0S U5t AR S M A2 )65 1 25
RO PR MRS R e A — 5
2.2 LPC 51 S A4 A 8% 1 5~ 2 T v ) oK

B S ARG B IR I BRAIG,  TPC ST
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= .I.I 1 .'I. ;:(ﬂ 800 1 mmol/L Cae+
) - e = ===l Erll, i.: 500 l 0.1 mmol/L Caz;
St g i ]
g l LA S 0.05 mmol/L. Ca
3 PRl i "..-'.W“‘W g 400 0.01 mmol/L Ca»
- SN e e T S 4 ey 014 z .
é.'l-_ z 200 - 0 mmol/L Ca
i b
B U - -
; = 1 [NV | ol ﬁ 0 T T
& Wl ¢ T o 0 100 ‘ 200 300
fif 1) (Time)(s)
-! Ti Aeprear g 1000 B
2 g =}
= Ll 2 =
:I wl el LI T THET £ 800 A LPC 1 mmol/L Caze+
— 4 —— = WS el i 2+
2 & 0.1 /L C:
Th AR - = MM#M*"I‘T S 600+ mmo aez+
= l = 0.05 mmol/L Ca,
= : e i s
o Al - = anlipt et = ,..",{E.-u i i e ® 400 - 0.01 mmol/L Caze+
..‘. . r - - H:
i
= g 200 1 0 mmol/L Caze+
? St i 5
¥ " i ] W ® 0 w ‘
WE MW7 1ineEsn 0 100 200 300
i 8] (Time)(s)
- —_ B 1 mmol/L Caze+
I s . = 80.1 mmol/L Ca
E [ I g 3004 C o
= g % * W 0.05 mmol/L Ca,
5 l L1 AT s % 200 70.001 mmol/L Cas
3 55| 2+
s - W T hicker? 5 1004 0 mmol/L Ca
=% . £~
E i =5 S 0
g it = 100
T = X ]
b u B 300 * *
i = i " &l ®
in ® R (Mouse) % (Chicken)
7 ISR bl 210 meal T
B2 SEAMARSME TS B AE LPC 7RSS fil A Py 45 15+

BT N RS O R R LPC 055 T2
T

Fura-2 FOBLF /N (A IS (B) SRAMAKBE T35 85 1 A it
Sk LPC AN I TE], LPC I AL . AR
WRER) LpC (/RN 2 min) SIAE/NEL (T R (D 158 fil i
WAESIR BT R BPIME (0O AN# 2337 LPC AL BE S /N B
RS o SR A 9 A5 IR FE T i {5 AN D LeC A LE ZE R 2 2 (P
<0.001; /Ml n=65 X%: n=5.

Fig.1 Ca’* responses to different concentrations of LPC
in mouse and chicken brain synaptosomes

Fura-2 loaded mouse (A) and chicken (B) brain synaptosomes were
stimulated by the addition of LPC in Ca®>* -containing medium. Arrow
indicates the time of LPC addition. Traces are representative of at least 4
experiments. C: Average [ Ca?* J; increase above basal level to different
concentrations of LPC as indicated in mouse ([[]) and chicken (I
Data are Means =+

synaptosomes. SE from at least 4 separate

experiments. “ and * P < 0.001, compared with the corresponding
values of [ Ca?*

respectively, treated with O pmol/L LPC.

J; increase in the synaptosome of mouse and chicken,

WEEF mh e

AN CAY FIRE (BD S AR B b 0 0 B A AN R 1Y Ca2
B TR B, 20 pamol/LL 1) LPC % 5 fis 44 A 805 4 85 1 1 25
Mhek: ¢ oMk B 2 B S AR ca2* I, 1pc 5l
SR A 5 RETH T P . HARALE 1 mmol/L AN ) U
EMEALE, P<0.01 UMNR: n=5 W: n=5),

Fig.2  Role of external Ca’* in LPC-induced Ca’*
responses
Different [ Ca®*

synaptosomes to 20 pmol/L

J; changes of mouse (A) or chicken (B) brain
LPC in
concentrations Cas indicated ) of Ca2*

[Ca®* ]i

concentrations Cas indicated) of Ca>*

the presence of different
in the medium; C: average
changes above basal level in the presence of different
+ SE from at

* P <0.001, compared respectively with

. Data are Means
least 5 separate experiments.
the values of corresponding group in the presence of 1 mmol/L Ca2* in

the medium.
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SRR A OB BIRE (A 4ERIAK (50 pmol/L, 15 min) (A%, A - C) BUAELE (200 pmol/Ls
5min) (A#%, D-F) B IPCX/MR (A D) FIXS (Be B SEfilipk Py 45k BE MR 28 R B e € R P 2 figh 4 43 59 S
(CD FH (B L7558 T 5 BT 4R K AR EE (O BN M Iy S 495 88 LT ) Ak A b 3 (P J& 5 LPC
SUR R A AN B IR BT m 1P AE . SXTRAHLE, JERIK (0 SIS (1) AbHE S AR A 5 1 A7 9 AR 4k
(P>0.05; Mil: n=5 M: n=5.

Fig.3 Lack of effects of verapamil or cadmium chloride (CdClL,) on LPC-induced Ca’* increase

Fura-2 loaded mouse (As D) or chicken (B, E) brain synaptosomes were pretreated with vehicle (black) or with 50 p:mol/L verapamil,
anL-type Ca?* channel blocker (grey) Cleft panel, A — C) or with 200 ymol/L. CdCl,» a non-selective Ca?* channel blocker Cgrey)
Cright panel, D = F) for 15 min, then stimulated with 20 pmol/L LPC in Ca?* -containing medium. Traces are representative of at least 4
experiments. C and F: Average [ Ca>* J; increase above basal level in the absence ([]) or presence (M) of verapamil (C) or CdCl,
(F). Data are Means + SE from at least 4 separate experiments. No significant difference of the values of [ Ca®* J; increase between the

verapamil-or CdCl,-treated synaptosomes and the controls ( P >0.05).
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PEBH BT 4 R K AL #E (50 pmol/Ls 15 min) J&
LPC 751 (1) 5 A P 485 S T e i 2 e A1 R AR A8 Ak
(P>0.05, K 3A. B), IX7EPFRRUER 1) 52 fil f I
RIAHIA (B 3C). teabh,  FH A B4 i i 41
S BH BT 55 S A (Cdel, ) T AL 2 5 fil 44 (200
pmol/Ls 5 min), - 1LPC R, 5 fil Ak 5
T e B R WL A4 (P >0.05, Kl 3D ED,
M H, PIRICRIE R Sl AT cdel, TANEE 5 LPC H
Wes DR B m R IAH T (& 31

3 1w

Sl A I Sl BT PR 28 RN W 25 A 8 T B By
R T B B PR ORL, SRR — /N, R
TEH A S K — R B D Reds ik, L Rkt
FHEAIRE IS AN A SZI0 DL/ BRI fing 5 fid
AR, BT LS T LPC X IX P9 A 3 4 ik 5
il R NS VR RS o LPC 51 AT /)N BRI g 5 i 44
P B B IR FEE I Ty, JF SR BE OB I G R,
i L, R/ BRI b 1 S Y A R0 i 3 AR —H
TSl AR AR /N, IO 2 W AUBE T AN BE 2 B
AN R FH 187 SR 10 G (0 75 V24 A LPC 3% 5 fi A% JEE 1)
Bt ts o, U REAR A L X v R 1 S NS UL, R
X 3 FEE A AT S 5 | A A 452 588 S5 N [H) 20 pamol /L
X — IR BRI LA T = B

Bl 40 AN Ca?* B IR K, LPC 5]k
(1) 5 kA P 5 e (D R 8 T A, AEAMES TR B
FEF s LPC A B A 5 | 5 i A Py 85 3 82 1 T v
M5 TR S MR, 1 B o R A A
AN IS 5 | 1R 40 P S 9 B T s TR K ZE RO
TR bR g ]—FE. X% 3R, 1LPC 9l
L [ S fi A P 45 R S T v AR T R b R R 457
BifE sl RS B M, SR TS R T
085 T B AR AN S I 5 1S T 5 A P 4
WRIET iy, A6 AN AN 5 85 I A 5 il A P 485 94 %
B FH L-VDC (145 5 BE W 751 2 2K i K 7 Ad 22 58 fike
PRIEARRE A LPC 51k 5 fil A 85 T v AR i
B LPC 175 5 1) 5 k4% P 885 T v A A2l o 1238 3 AL
NPT o 4t o R0 3 0 E R S P BELIBT 551 cdcl, % LPC
5 [ R 2 ok N 805 T v B e A BT VR, adE— 2D 1
SE T LPC 51 RS T v A F AN A2 e JE 1 (%) 495 e
WA, RATRE 2B R AN . I A
PRl 4 S5 1 5 ok Ak L 1) SE 56 73 2800 A (7] 11 45 2R
IR R I LPC BB | S Ak Ak P I G R 1
UGS TF iRy, X PR TF v 2 BT LPC X R ) A IR

PER SRS, i B v 1 s B FOATL A7 /) BUAD RS |
FEARWA 25

LPC ANRe 53 S Ml 1 (8515 5 e /e, X
AT BTl 52 R RS B A 0k 45 4 5 T I B 1 1 &
B, M RESE BT SRR R D B E (1) SRR
b, AR R R IE A KRS vDC A1 RyR BA K&
IP,R %% (Berridge et al., 20000, 5 fill 44 f& 5 fish i
P2 AR JO R 5 1 J PR 5 4, AR AR P 0 R R
SERE R AR S E sl i SR £
FR R 2 e 2 AL SR B E vy, RS
SRRIIE LA A 5 RS S i [R) B Ca® 25 T W H s A 3G
PEESIEE N, B Ca®t il R P R 0 T )RR .
SETT AR R — MR SR U T M AR R AE S AR RN
(Berridge et al.,» 20000, X4 i py A 1 25 938 ok
S FTREAEUE, XYL LPC AN AE R 2 fih ik
(A A5 5 2 i R I i A

B REXS )& OPIDN W 7T 1 BEAR B A, JLXF op
(RBUBEE S OPIDN [ Il PR i R FH & i i 72 5 N R
WAL, N B IR R MR AR
—E B B AR AL, e DL ) B AY (1Y) OPIDN JiE AR
HH T OPIDN /& A= ik F& vp m L 4 P oy 45 3 B2 T+ i
LPC b PEAB T 80X — B I, 110 48 i P 5 9 B2 T
o P EA M B IR B A s AEARAR S A
BT AR EES B TAS L 5 R I 28 0 I A R 2 5%
ANk, 5 LPC 51k 04 B8 B B N A AR AL B BA
PATIHEN, OPIDN [ AT RE 5 LPC i3 40 i Py 45
BT G FATTR I H 43 70 X OPIDN 50 FH AN i
TP A XS AN BUAE S B, JE I LR Lee A 3 1
B B ) R AL, I — R A — I .

AT, FATMIZ RKY], LPC A3/ BRI i
S il P A B AR B T v TR A FH LRI 3K i )
WA 220 X —85 548w, /NS E OPIDN
SR R I ZE 5T e AN & T LPC A 3 58 il Ak o 5
TR I o S HLRIAS [R) B 8, RN o, a2t
LPC 7E OPIDN [k B R R FEAE R, BFEA %
T I MR S ik N AT R AR, T RS A S A g A B
A FESR S, 5341, OPIDN FE 4G 2E A0 B 24t
AT AR R AEE A g, L AR AL T T
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