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Recent advances in insecticide neurotoxicology
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Abstract: Most insecticides are potent neurotoxicants that act on various targets in the nerve systems. Organophosphorus
COP> insecticides inhibit not only acetylcholinesterase activity and acetyleholine CACh> receptor funetion affecting the
release of ACh from presynaptic membrane, but also the development of nerve cells. indicating the noncholinergic effects
of these insecticides. Some of the OP insecticides can induce delayed neurotoxicity in mammals. Neonicotinoid insecti-
cides: agonists of nicotinic acetylcholine receptors (nAChRs)» act on the alpha subunit of the receptors» which increases
their postsynaptic potential. These kind of insecticides show selective toxicity for insects over vertebrates because they act
on different subunits of the nAChRs from those in vertebrates. Pyrethroid insecticides act mainly on the sodium channels,
keeping the channels open leading to the blocking of signal transmission. In addition, pyrethroids can inhibit the activity
of calcium channels and interfere with the release of glutamates and dopamines. The selective toxicity of pyrethroids for
insects probably resulted from configuration differences of the sodium ion channels in nerve cells between insects and
mammals. Avermectin insecticides can cause the release of gamma-aminobutyric acid (GABA) and enhance the affinity
of GABA with GABA receptors. leading to chloride influx and postsynaptic hyperpolarization. Owing to the difficulty of
penetrating the blood brain bartier to bind to GABA receptors in central nervous system CCNSD of vertebrates, the toxieity
of the avermectins to vertebrates is much lower than to insects. Spinosad insecticides act not enly on the nAChRs in the
CNS of insects, inducing long-term release of the ACh> but also on the GABA receptors, affecting the function of GABA-
gated chloride ion channels.

Key words: insecticide; neurotoxicity; ion channel; receptor; transmitter

EEIME . T ERHEFEIRAH TR E XINE (KSCX1-SW-13-02-04); 7 B 122 15 2R A1) 3 TR S I 5 (KSCX3-102.-04)
TEEE A h—F, B, 1063 B4, ZEARA L. KR, FENFES TEEFSTEMNYIN, E-mail: wuyj @ panda. ioz. ac. cn
Weie B B Received: 2003-01-07; %% A5 Accepred: 2003-02-25



3 h— %% RESAPHESEIHARRE 383

BRI ATH K8 AT 2 A M S5, 848
AR S H R ERE . 10 R A BE 2R A el
R UVEFBRAZRERE TIREMAHERE
FEF. AFREBAMEFERBRENT AR
FEARAL A, U0 TIETE  ZARONEE A 5, T, B4
F RS ARG SR AN TR EEER
AR

1 ATHLRERZUAE I RAR IS %

A HLEE RS 2R AR ST B SRR 2R A R
TR B R R R A TR SRR A A e
BN E BAE AR, BMES 1R N
MR AEA S, —ERRERTE RS
MR EEAMLERER, BE AN ERRNOR
a2l

AU AENBELER BN EIZMFENTE
H R SRR A 5 2 B IR B3 M B C acetylcholines-
terase, AChE D> 'E 154145 19 &) ACKE 45 &, {25
A iETESEN . AT Z AR Cacetylcholine, ACh) 2
MERMHESEBN HCEENEN AN EL
IS BB AE ACh), ACKE #5 PRI IS  ACh A REHY
S S R T PE S A [B] BEE P HEAR 155 (% TR A% FELIKT,
IAZ SN 6T IR FRR R P AR, A S E AL
T-CATRREE, 19960 5 — 71, BT ACKE AIFE
A5 RS A SE A 2K (Srivasan» 19990 AChE &
{LAE Y 8 28 58 1 42 3 5 A9 4 X (Das and Barone,
19997, T, 76 AChE #& PE 4 HL 3R 5 AN &R,
AERBSE T MR A MA KR E 22
5. BFFR N, 35S0 Cehlorpyrifos > P] B PC12
A0 WA A 22 53 34N A1k 52 B H CCrumptons 2000, 1
HlT 22 4 B DNA B1-E A Qiaeo et al .»2001), TEIEAR
TAE ACKE W& PEAMR AT 2 A B AT 515 5
KEA R T—ERACE Ca™ /eAMP /1 T IR
I TR 4E & 5 B (CREB) #1EE I N (Schub et al . »
2002). B0, A HLEE AR B AT E A AR B E
EEA RS

SR A7 47170 i 156 28 A0 G PP MR 2R A% AP B
T ACKE 7k, 3 7] 9] Z B AR 55 5% 18 Cacetylcho-
line receptors AChRDFI BN R, AChR TE 5l /I I 5 4
SR ACh RS A, e — RIVEEHY.
AERE AT RAGEZAFERH ACKR 545
2 EERA L BB A2 78 Cmuscarinic acetyleholine
receptor> mAChR ) F1 4l 58 B 7, iz 1B 58 5% 4% Cnicotinic

acetylcholine receptor, nAChR . [t 5k, 7F B 8 5 Filf 51
AN AR AND A — MR S RGE AES
A 52 4 Cmuscaronic receptor)e BFFLRER, A HLEE R
B AR R dimethoate ) P] LAZE 958 JL40 JEHAE £ R nACKR
RIZE. Al g BIAR R SR AL AR AR
A T B LT nACKR TE T8 T 108 HL T g, b
A IERIUVRRAT LAE S & AR E efos HIE
BT efos XOATEENE S — e G [ T IER A A BT
S G R T nACKR E‘]%ﬁ(Yang et al.» 2001)-

LA A BT 52 R BN, A AL Bt A% LR T L i e
ZRME ACh BIBRG FIBIEM BT (R RY L3R 3R T,
AU ARBRFTUMERTEME LR =R
nAChR, XL B F 545K T fE TR ACh 3
B (Liu er al .»2002). FIZFFEIRFTAERSE RN,
A HLBER A AT LA I 52 AR B mACKR Th
g6, M B AR H nAChR BILhEE, JF BRI H F 80
ZH(Won et al.» 2001: Wu et al.» 20033 5, H
PR 5 B Al S A AR A 85 B T IR TE Th e A7 4
HITER, B0 l?’Hﬁ@{%(metlﬂarrni(:lolz)hos)E‘[ LA ASE Fil 5
PS5 SRR/ . TP IE T BT AT AR B SE3R R OR, B
HEBEAR ] g2 P 5S Ak B RO 1 U ESIETE, 7EI% 77 Y
R A B A PR CSH-SYS Y ERT R AU SE 3 (15 3
KAL) F R A P R A R UEE R R R
LD, $RR RS T _E A R R R A T

ShAh, — BT ALRE f HT,  FR RRE  R R A
MRS, BRI T S sh M 6 B0 6 B AT B A
{neuropathy target esterase XL —ZEF/& R K, 1996; 4
3%, 20000 51 RAE P L FEE AR FRBERIEME
7 M Corganophosphate-induced  delayed neurotoxicity
OPIDN )(Barber et ol .»2001: Li et al . » 20025 Choudhary
et al .- 2002 AFPIHVACENE R AR T .

2 PRI Ha

13005 b o2 | o Tl o a3k R A S
Wb B R KRBV AR AL R H T B AR
B — 2R E RS S AR B Motohiro» 2001 3. #T M B
EREFEFHMAMSEHEN, AFAE2E 1K
F.Ze 0 LR RER O3S E BB e
AERN. HETCAE R AR RS A A
ARCIE RS Cacetamiprid 2« FEE B2 Camidacloprid )« i
Wi L H% Cnitenpyram ) ~ B8 LB C thiacloprid >~ B MU Cthi-
amethoxam) 55, 2 B8 B AU PE A0 2 ik R kA0 B



384 B R Adcta Entomologica Sinica 46

.

mk HRRR B T AR — AU S B —— A AU
B2k % BT, A SO AR bRt F B & R R 6 H 1A
LEEMRACOALTR. ARECLRETANK
(Naven et al.» 1998; Tharp, 2000; Suchail et al .,
2001;: Nishiwaki et al.. 2001; Naeun e ol .. 2001;
Kagabu er al .» 20027« HE AR 38, bk o o)ty B A Bk
WF % 2R AR T B A R A 1 CHorowitz et al > 1998;
Chao et al.» 1997; Lind et al ., 1998, A {EHREF =4
SR EEH, HEARAEEH RIERET #
{ Nauen»1995; Devine et ol .»1996). P& RBENE 5 —
ACHT AR 2E 2 AR B AME B2 2R BB Wiesner
and Kayser-20000. & B R&E MRS ABREH,
HFE#H 5 B BEA E 5 5 R (Maienfisch e
al . »2001; McLeod et al ., 20020

A A 2 o B AE nACKhR FIEEAD I Kaga-
bu et al .» 2002: Matsuda et ol .» 20010. AHIPRIC
FIREL B R 5 L o B0 Sk I 2 N ) 4 AN, i
BEIRE R T 2RI H nACKR (Liu et al.» 1993;
Chao et al.» 1997). HFRMEBEETNE Sr I E A
EERFFFR M, E A nACKR BN, vtk A2 ok A K
AL A AT DL 55 22 52 ik S FEAT ( Nishimura et
al.» 1994; Zwart et al . 1994; Nagata ef al., 1998).
SFEMERR B, HHEBEA R EE2FEAT
M nACKR A7 o I, 53X 5 H i 557 89 4F A AL
B (Matsuda et al . » 19990, FIRIZFEAHFE5HE
FREF — R LA L PUE (Lind er al.» 1998; Nara-
hashi» 20020, EX KR BHHFHEFIEEN, &
AR, T B R THALMA E RS
F (Tomizawa et al.,» 2000; Tomizawa and Casidas
2003, X EER QTR B FTE A nAChR
HIAL AN, H N AR A B B i R T FL
BN nAChR 3 o432 NEFLA7, AT 25 LR T 4 e
B ER T B R 5 nACKR BIFH & F I 47
{Zhang et al . »2002; Shimomura et al . » 20027 FHE
K715 38 Csite-directed mutagenesis > 1% R B 5T 5% 9,
nAChR I o YW H A7 B 5 BB R iR 1R 7] BEA T 5230
nAChR- 2 B E &8 60 7% B 57 A BE B AT, 89
nAChR RIBR BB HEAEZ 5 T nAChR-F 525 4
HHIEAH B AF F CShimomura et al . » 2002: Tomizawa
and Casida. 20037.

3 B AR IR U]

L BE 3B Cpyrethroid ) B IR R KRB B R H

SMNTEMN —ERE, BAREET SR E
= OB SRS, BT AT RS ARk Al &
FREPHSE, WEEEEEESHRER 5 AH
B Lo BENTBANE o EM T 2 (Ray and For-
shaw» 20002, B & B F% 3 X Cretramethrin > AR, Ja
& LLR A 4 B8 Cdeltamethrin ) 9 A4 3 (Tabarean and
Narahashi> 2001, A ZOF50FRE, [ RS
ZGME R AR IE ) [ TR AR, (R IEE T (R A SR
1 de Weille et al.» 19902, E%F R [TIERIEHA
VEFIENAE Sz, B9k 2b 5003 T8 47 2% H B (8] C Forshaw et
al > 20000, VX HIER 3G EE A RE S RS
HRER TR BIRONES . FHE A (Henvaler-
ate ) 1 iz 5 15565 K B 22 ) BT AR 9 R L 0K
S oR B0 A AP T A 1R R R R IR E
i A B A (R EE 1 S5, A A 2O

T%,1997). FA=m A S cyhalothrin) 3 Hif 5 A
Ao 200 Jf T A RO IT 5 e 3R AT IS % T 9 5 T
EREH R R ES, 20020 Narahashi BH50/0N A H
HE Fr R o RUE SET B A MR S i e X kM 2
K]0 SR 20 A BN TRLIE 1) OC P E AR, k2 B
TREGEE T E G5 A VIO TR TE Y AN
Mz (8] g M X 80 IR JETE [ R i A, 7o
ERFAREL, FEER R A (Nashashi>- 1992,
1996; Narahashi et al ., 1998, 2000: Narahashi» 2002 ).
W FAKF LR A, BB R A
SR s K Y 4 TR A AR A IR TE 1R
B AR Tabarean and Narahashi> 2001; Soderlund.
20000, FEERLIGE BH LA ENMEEER
Febr, BRI REEE L 2/ A THEER o WAL
B1s6 A B LB R CWang et ol 2001; Wang and
Wang, 20032, HAEBZSLERTFRT, Wi
ZOUHMEETHEAS TREEFIEE supet-kdr P E
HEERREERERMAREER. SHE
FAREAE A XK A ANEE N R S I R T A
REFGEERY BRI IN 100 15 (Vais e ol .- 200100
XK AR RE T A4 1B MR 3G A 25 5% L S e
i E IR M REARINEREM. 55
e, A I b HR A ME 2o A A s 1 AL EE AT
A RRMHE. D853, %\'ﬁ@(glutamic ac-
id, Glud A& BB 3 5 22 1L P9 Bk 45 Ak F00E L 30 P i
RINERREZIE . FREI. REFEERT
T AR AT Gl A0 @ﬁ@%ﬁ“glutﬁnﬂc acid re-
ceptors GluR - f2HE Glu 818 5%, H1# Glu 5 Glur #
a2l B EMGT A, 20000, BT GluR B4,



3 h— %% RESAPHESEIHARRE 385

REAEDN E OB COPKC BAT Ea RIRIEE
He WA, REAGRET] 51 2 40 B 9 BT B 45
AREHET G IR MRS RE T S R R RE A
BRI N-F & DR T4 &5 (N-methyl-D-Aspartic
acids NMDAD B2AR %, 298 T PKC 80FMERTELCF
TS, 20010, SRTL PKC & 1808 &, —J7 T AT
SETEERE, 11 cfos A c-jun BIRIE(Wa et al .,
20000, 25— E A BEIR T IERER ps3 BIE M
ZERE S EME 9T (Wu and Lius
20000, ERIFHLRY R LA A BRI R T
I Gl BB s SRR S E 5 (55 R A FELT
. nhh B RO R BEE A R AT
WA E RIRTE SRR ARIEE, T Hib e
% R 1 2 00 158 BB B A CKaren e ol > 2001;
Bloomquist et af ., 20027-

4 Pl efER 38 PSR 0 o )

FF] 44 B 2 25 avermectin ) F1 AR FE AL, 1428 2% 157 2
EESRTEATH NS RUEE A B A ek
A MARIA TS E B I Cipronil > & % 855 H
Fgh i, KRR S E R EE R ARR
sRE AR (AR Y A & LR % 2 (Hooper-
Bui and Rust> 2000; Leirs et al . 20010 [ 2 563
AT R B EY, LT s AR, A
7 Ala-Alb~A2a-A2b-Bla.Blb-B2a F1 B2h. %34k
EMIERAIMATNESFEAREENSHNS
AR Leirs er al > 2001; Metzger and Rusts 20020

o] &4 B 2% 2 RN AR BE L P2 % SRS AT 4R BT 40
Rt AR y- 25 T B gamma-aminobutyric acid,
GABA) 32 /& (Tkeda et al.» 2001: Narahashi» 2002«
GABA EFIIMANIEF EE IS 280, F
HESIYD R A 00 GABA AR M2 GABA, 1 GAB-
Ap- TERMERIREEH GABA, (B H GABA,.{B7E5EfE
JFIEE A GABA,. GABA, mMEAH A FENR
RS R, CAEGE R, BB FIRE R A
A, SR IR R AR R AL, M A AR R A TR RS,
1996 1 GABA, M SS B FiEHEMEEE X, 2
58 REA SR, 2560585 cABA BIFF
KB ES,1998). BHRANE GABA AT E
AT GABA,» 78 T HE 14 48 22 58 (central nerve sys-
tem, CNSOFIAN B 45 S ERA 0. 58H#
IR B R IRTIZ s e 18 & GABA B

Glu BUE P E A 2 5 A 3T G4 Tk 5%, 19962
EEEERE, CEHEIEAT clu NEREHE,
LR Rtk e | o aw i = PP S R I e a8 -
ML SR R BN EE FIE S RY oNs fE L
FEBSECTHESI A CABA AT NS, E T
DB clu NTERBEEHT R RN cABA H
GluR. JREGVF 2 P 4 1 38 20 A BRnth Me 2t 2% S5 )
WA e F R RE. A R EE
7 BT S FLEh e AR AR SUBIE A2 AR R
e R LR, N2 X3 AR AR S DA I W FL
BN A I B B, BT LA 1025 SR PV FLEN AR
T,

PRI AW TR I, B 4E 5 3 BE L 3 GABA
MARZ SRR, JH58 CABA H & BAIEIHZan
22 U b fE B A2 AR DA B B AR LA 1Y R sh A 52 et
AW AR BRSSP R I R R
TR R S ok P B T R TR A HE AT B Y
SUBS 718, 40 BB R th A, R E 56 SR
(Sodedund et af .» 1987). BIRAIRE(EH TR HRAL
BEBIN  cu NZEREE, SR B REAREDL
PR 1 4E € Soderlund er al.» 1989; 8 JE R &,
20017

5 ZARRHRFIF A

£ KB B Cspinesad ) RACE Y B I F 7T K H
MBI AR AL SRR T TR A S RS
B Saccharopolyspora spinosa TEIE TR MU £ H A
REEFTIRIS RN A =1, HH MRS R R L
RHE R spinosyn A 1 spinosyn D 3 07 N IRIK,
20010, CEZ/DH 20 £ spinosyn F1 800 ZH spi-
nosoid F & AR R B YD B BB R R T
(Sparks et al.» 20017, spinosyn I ER R FH
21 MEREVIUIR RS, B B ES T R R, AKX
spinosyn RN FT 28 43 7E 22 A 22 PR - A9 6 R 48 A5
KR AT G 4018 2 0 36 [ 8 KR BLAT (Dow  Agro-
Seience T 5T A L R 3R BT SE SR 5 Waldron ef ol . »
2001; Madduri et af . »2001a»2001h)=

% N B R R AR T AT EE AR A AR R 2R A U
i 2 BB 2R 2R TR 0 F BB IE 0 3 B R AN
(MecLeod et al .» 20020, BN F R FRFAZER
MAMBEFER, LESMERALE WRASGE N
. VRV LA RIRANEE R, SRR EE
TR, B R E SR R T SRR



386 B R Adcta Entomologica Sinica 46

PETC. BEAABIIG R LA B OCHE R 23 E
B E HF R, AR B EIUE SR E T
A GR35 FARIK, 2001 Fang et al .+ 2002a).
HFRE, 2 RERA A BER S A5 BE Cmalathion)
FECR B G P ¥ SR RO R 2T (Vargas er al
2001; Peck and McQuate. 20000. M5k, &R EHFID
BWRATHLER CEREFEMFZEERFER
HIB5 5 CNowak et al.» 2001;: Thompson et al .. 2002:
Fang et al.» 2002b: Davey et al.» 20020 A
ZMR NN L2 R ER N HEG R AFH, ERIIH
EFAMAE B, FE SR E R &AM T 2 AR N E
HIFE WA /N Cleveland et al > 20020 2R EFEMR
5P (S TERAS, F KR R R R AT =7t
MAARRFE ST BRRGRERFTHEM
A FEH M (Yano et al.»2002; Hanley et al., 2002;
Breslin e al.» 2002; Stebbins e al .- 2002)

ZORE R RAEF MR EE HAS2RR R
FIAR, EREH T BHA CNS. B H B &M,
SEAF B EMEAL P VHE B e AR, 2R
nAChR ##F 4E80E 542 ACh 2K FF R ¥ (Nara-
hashi» 20020, [FIR 3K BAREAIER T R A
GABA 4%, BUR GABA 1792 S 18 £ 24 B8 ( Crouse
eral ., 20010 F34b, FIEZFE0MAS AT MAY IR
W, ST R EEAR RAIAF, 2 R ERAER A
(B spinosyn ADFI RIS ZEFEAN HANARA (B — Bk
N AR IS A A8 (Sparks e @l 520010 AT
ARE TR R AR A A PR R AL AR A AR T — R
7% H L AN R T BRI A S O 2k AR
L E R & EARFAAZ BN (Lia and Yue
20007,

6 #hiE

B LR, B R A RHRNF RPF/HLHEA
[l fR 25 1 4 R B0 3 B 22 P T SR LR e 2
B R R Ty sl R BT 22 0l I L0 22 0 B o i
TR AR BRI 22 R PR

2 % ¥ @t (References)

Barber D» Hunt J» Ehrich M. 2001. Inhibition of calcium-stimulated ATPase
in the hen brain P2 synaptosomal fraction by organophosphorus esters:
relevance to delayed neuropathy. J. Toxicol. Environ. Health A, 63
(2): 101 - 113.

Bloomquist ] R» Barlow R L. Gillette J S; Li W, Kirby M L, 2002. Selec-

tive effects of insecticides on nigrostriatal dopaminergic nerve pathways.

Neurotoxicologys 23 (4 —5): 537 - 544.

Breslin W J, Marty M S, Vedula U V, Liberacki A B, Yano B L. 2000.
Developmental toxicity of Spinosad administered by gavage to CD rats
and New Zealand white rabbits. Food. Chem. Toxicol., 38 (12):
1103 -1112.

Chao § L» Dennehy T J» Casida ] E» 1997, Whitefly { Hemiptera: Aleyrodi-
dae) binding site for imidacloprid and related insecticides: a putative
nicetinic acethlcholine receptor. J. Econ. Entomol., 90 : 879 - 882,

Choudhary 5, Raheja G, Gupta Vs Gill K D, 2002. Possible involvement of
dopaminergic neurctransmitter system in dichlorvos induced delayed neu-
rotoxicity. J. Biochem. Mol. Biol. Bigphys., 6 (1J): 29-36.

Cleveland C B, Mayes M A, Cryer 5 A, 2002. An ecological risk assessment
for spinosad use on cotton. Pest Manag. Sci., 58 (1J: 70 - 84,

Crouse G D, Sparks T C» Schoonover J» Gifford J» Dripps J» Bmce T Lar-
son L L, Garlich J, Hatton €, Hill R L, Worden T V, Martynow J,
2001. Recent advances in the chemistry of spinosyns. Pest Manag.
Sci.» 57 (22: 177- 185.

Crumpton T L» Seidler F J» Slotkin T A, 2000. Developmental neurctoxicity
of chlorpyrifos in vivo and in vitro: effects on nuclear transcription fac-
tors invelved in cell replication and differentiation. Brain Res. . 857 (1
-2): 87-98.

Das K P; Barone 3 Jr.» 1999. Neuronal differentiation in PCI2 cells is in-
hibited by chlorpyrifos and its metabolites: is acetylcholinesterase inhibi-
tion the site of action? Toxicol. Appl. Pharmacol.» 160 (3): 217 -
230.

Davey R B: George J E: Snyder D E» 2001. Efficacy of a single whale-body
spray treatment of spinosad, against Boophilus microplus CAcari: Ixodi-
dae) on cattle. Ver. Parasitsl., 99 (1) : 41-52.

de Weille ] R, Brown L Ds Narahashi T, 1990. Pyrethroid modifications of
the activation and inactivation kinetics of the sodium channels in squid
giant axons. Brain Res., 512 (1J: 26 - 32.

Devine G J» Harling Z K» Scarr A W, Devonshire A L, 1996. Lethal and
sublethal effects of imidacloprid on nicotine-tolerant Myzus nicotinanae
and Myzus persicae. Pestic. Sci., 48: 57 - 62.

Fang L, Subramanyam B, Arthur F H, 2002a. Effectiveness of spinosad on
four classes of wheat against five stored-product insects. J. Eeon. En-
tomol .5 95 (30 : 640 650.

Fang L, Subramanyam B, Ddder S, 2002b. Persistence and efficacy of spi-
nosad tesidues in farm stored wheat. J. Eeon. Enomol.» 95 (5):
1102-1109.

Forshaw P J: Lister T- Ray D E» 2000. The mle of voltage-gated chloride
channels in type 1l pyrethroid insecticide poisoning. Toxicol. Appl.
Pharmacol s 163 (1): 1-38.

Gao J F» Yi Bs 2001. Functions applications and effectiveness of biotic pes-
ticides from microbiotic products. Warld Pestic.» 23 (1J: 1-6. [&
W, JRK, 2000 EYIRZEER. HASUR—REY
PR, HRRES, 2000, 23 (1): 1-6]

Hanley T R Jrs Breslin W |, Quast | F» Camey E W, 2002. Evaluation of
spinosad in a two-generation dietary reproduction smdy using Spragne-
Dawley rats. Towicol. Sei., 67 (1): 144 - 152,

He BJ, Lin AX: Chen JTs Sun J 3, Rui C H. 2002. Effect of cyhalothrin

on the sodium and caleium channels in central newrons of Helicoverpa



3 h— %% RESAPHESEIHARRE 387

armigers . Acta Bioph. Sin., 18 (2): 201 - 205. [H|E, X%
W, BREE, #hed, WEE, 2002, ZASEHERER
AL M M PRIE B AE AL E ST, A E SR, 18 (20
201 -205]

He XW, Yin RY, Chen YH, In]J, XieZ P, He F' S, 1997. Effect of py-
rethroids on Na* s Ca®* ion channel currents in rat brain neurons.
Chin. J. hd. Occup. Dis.» 15 (5): 261264, [HH8RE, BB
Jo. BREL, BR, WiF. mRAL, 1997, MR MEHEETT M
LA Nat , ¢+ BTEEMEW. PEFEDEBRHR
i, 15 (50 261 - 264]

Hooper-Bui L M, Rust M K. 2000. Oral toxicity of abamectin, boric acids
fipronil: and hydramethylnon to laboratory colonies of Argentine ants
( Hymenoptera: Formicidae). J. Eeon. Entomol.. 93 (3) : 858 -
864.

Horowitz A Rs Mendelson Z, Weintraub P G, Ishaaya I, 1998. Comparative
toxicity of foliar and systemic applications of acetamiprid and imidaclo-
prid against the cotton whitefly. Bull . Entomol. Res., 88: 437 -
442,

Hu Z N» Wu W], Ji Z Qs 2001. Progress in research of mechanisms for the
nemroactive materials from nanwal insecticides. Pesticides. 40 (6): 1
-15. [BRR, RIE, EEE). 2001, RAFRMLEEY
BAERYIER FHERE. RE, 40 (6): 1-15]

Ikeda T» Zhao X, Nagata K. Kono Y, Shono T» Yeh ] Z. Narahashi T»
2001. Fipronil modulation of gamma-aminobutyric acid (A) receptors
in rat dorsal root ganglion newrons. J. Pharmacol. Exp. Ther - 296
(3): 914 -921.

Kagabu 8, Nishiwaki H: Sato K. Hibi M» Yamaoka N» Nakagawa Y, 2002.
Nicotinic acetylcholine receptor binding of imidacloprid-related diaza
compounds with various ring sizes and their insecticidal activity against
Musea domestica . Pest Manag . Sei., 58 (5): 483 - 490

Karen D J; Li Ws Harp P R, Gillette J S» Bloomequis J R» 2001 . Striatal
dopaminergic pathways as a target for the insecticides permethrin and
chlompyrifos . Newrcioxicologys 22 (6): 811 - 817.

Leirs H, Larsen K 5, Lodal J» 2001. Palatability and toxicity of fipronil as a
systemic insecticide in a bromadiolone rodenticide bait for rat and flea
control . Med . Ver. Entomol., 15 (3) : 299 - 303.

Leng X Fs Tang Z H, Wang Y €, 1996. Molecular Toxicology of Insecticides
and Tnsect Resistance. Beijing: China Agriculture Press. 1 171. [#
fRFR, AR, ERRER. 196 FRANG TEEFRA
B, JbR: REREmARE . 1 - 171]

LiM: WuY J» Leng X F» 2001. Advances in the research of neuropathy
target esterase. Chem. Dife, 42 (4): 336 -343. [Z0, th—7F,
HRRF, 2001, MERELITMEES . EERTILSE. 42 (4): 336-
343]

LiM: WuY J: Leng X F> 2002. Effects of verapamil on brainstem micro-
somal protein phosphorylation in sitro in hens dosed with tri-o-cresyl
phesphate. Chin. J. Phamacol. Tovico ., 16 (3): 165 - 171,

Lind R J» Clough M S, Reynolds S B, Earley F G P, 1998. [*H] imidaclo-
prid labels high- and low-affinity nicotine acetylcholine receptor-like
hinding sites in the aphis Myzus persicae ( Hemiptera: Aphiclidae ).
Pestic. Bilochem. Physiol ., 62: 3-14.

Liu HX, Li X G- Wu W J» 1998, Insect Biochemistry. Xi"an: Shaanxi

Science and Technology Press. 205 - 233, [XEB &, FHE, B
B, 1998. BRAME, Ex: MEHSEREARE R, 205
- 233]

Lin J» Chakraborti Ts Pope C, 2002. Jr witro effects of organophosphorus
anticholinesterases on muscarinic receptor-mediated inhibition of acetyl-
chaline release in rat striatum. Tovicol . Appl. Pharmacol.» 178 (2):
102 - 108.

Lin M Y, Lanford J» Casida J B, 1993, relevance of [*H] imidacloprid
binding site in house fly head acetylcholine receptor to insecticidal activ-
ity of 2-nitromethylene- and 2-nitroimino-imidazolidines. Pestic. Bio-
chem . Physiol ., 46: 200 - 206.

Lin N; Yue X, 2000. Insecticide resistance and cross-resistance in the
housefly (Diptera: Muscidae). J. Econ. Emtomol., 93 (4) : 1260
-1275.

Madduri K. Waldron C, Matsushima P» Broughton M G, Crawford K, Merlo
D J» Baltz R H. 2001a. Genes for the biosynthesis of spinosyns: appli-
cations for yield improvement in Saccharopelyspora spinosa. J. Ind.
Mierobiol . Biotechnol ., 27 (6): 399 - 402.

Madduri K. Waldron €, Merlo D J» 2001b. Rhammose biosynthesis pathway
supplies precursors for primary and secondary metabdlism in Sacchar-
opslyspora. spinosa. J. Bacteriol . » 183 (19): 5632 -5 63%.

Maienfisch P» Huerlimann H, Rindlisbacher A, Gsell L, Dettwiler H,
Haettenschwiler J» Sieger E» Walti M. 2001. The discovery of thiame-
thoxam: a second-generation necnicotinoid. Pest Manag. Sci.» 57
(2): 165 -176.

Matsuda K- Buckingham S D» Freeman J C» Squire M D» Baylis H A Sa-
telle D Bs 1999. Role of the alpha subunit of nicotinic acethlcholine re-
ceptor in the selective action of imidacloprid. Pestic. Sei., 55: 211 -
213.

Matsuda K» Buckingham 3 D, Kleier D» Rauh J J» Frauso M, Sattele D B,
2001. Neonicotinoids: insecticides acting on insect nicotinic acetylcho-
line receptors. Trends Phammacol . Sei.» 22 (11): 573 - 580.

McLeod P» Diaz F J» Johnson D T» 2002. Toxicity. persistences and effica-
cy of spinosads chlafenapyr, and thiamethoxam on eggplant when ap-
plied against the eggplant flea beetle (Coleoptera: Chrysomelidae). J.
Econ. Entomol.. 95 (2) : 331 - 335,

Metzger M E, Rust M K, 2002. Laboratory evaluation of fipronil and imida-
cloprid topical insecticides for conwol of the plague vector Oropsylla
mantana (Siphonaptera: Cerawophyllidae? on california ground squirrels
(Rodentia: Sciuridae). J. Med. Entomol.» 39 (1): 152 - 161.

Motohiro T» 2000. Insect nicotinic acetylcholine receptors: mode of action of
insecticide and functional architecture of the receptor. Jap. J. Appl.
Entomol . Zool . 44 (1): 1-15.

Nagata K Iwanaga Y Shono Ts Narahashi T» 1998. Modulation of the nen-
ronal nicotinic acetylcholine receptor channel by imidacloprid and car-
tap. Pesiie. Biochem. Physiol., 59: 119 - 128.

Narahashi T» 1992. Nerve membrane Na* chamels as targets of insecti-
cides. Trends Pharmacol . Sci.» 13 (6): 236 - 241.

Narahashi T» 1996. Newronal ion channels as the target sites of insecticides.
Pharmacol Toxicsl ., 79 (1): 1-14.

Narahashi T 2002. Nerve membrane ion channels as the target site of insec-

ticides. Mini. Rev. Med. Chem., 2 (4): 419432,



388 B R Adcta Entomologica Sinica 46

Narahashi T» Fenster € P, Quick M W, Lester R A, Marszalec W, Aismip
G L, Satelle D B, Martin B R, Levin E D, 2000. Symposium over-
view: mechanism o action of nicotine on neuronal acetylcholine recep-
torss from molecule w behavior. Toxicel. Sei., 57 (2): 193 -202.

Narahashi T» Ginsbwrg K. Nagata K. Song J» Tatebayashi H, 1998. lon
channels as targets for insecticides. Newrotoxicology: 19 (4-5) : 581
—-590.

Nauen R, 1995. Behaviour modifying effects of low systemic concentrations of
imidacloprid on Myzus persicae with special reference to an antifeeding
response. Pesic. Sci.» 44: 145 - 153.

Nauen R» Ebbinghans- Kintscher Us Schruck Rs 2001. Toxdeity and nicotin-
ic acetylchaline receptor interaction of imidacloprid and its metabolites in
Apis mellifera (Hymenoptera: Apidae). Pest Manag . Sei., 57 (7) :
577 —586.

Nauen R, Tietjen K, Wagner K, Flbert A, 1998. Efficacy of plant metabo-
lites of imidacloprid against Myaus persicze and Aphis gossypii ( Ho-
moptera: Aphididae) . Pestic. Sei.» 52: 53 -57.

Nishirmwra K; Kanda Y, Okazawa A, Ueno T» 1994. Relationship between
insecticidal and neurophysiological activities of imidacloprid and related
compounds . Pestic. Blochem. Physiol ., 50: 51 -59.

Nishiwaki H» Nakagawa Y, Ueno Ty Kagabu S, Nishimura K, 2001. Insec-
ticidal and binding activities of N3-substinited imidacloprid derivatives
against the housefly Musca domestica and the alpha-bungarotoxin bind-
ing sites of nicotinic acetylcholine receptors. FPest Manag. Sci.» 57
(9): 310 - 814.

Nt Y J» Shi N» Yan H: Liu Y G 2001. Effect of deltamethrin on intracel-
Iular free calcium concentration in rat neural cells. J. Health Toxicol . »
15040 . 216 - 219, [ EH, BH, /4, XIE@H, 2001 &
AR AR ML RARREErR. DEFESRE, 15
(4 : 216-219]

Nowak J Ty McCravy K W Fettig C J» Berisford C W, 2001. Susceptibility
of adult hymenopteran parasitoids of the Naniucket pine tip moth (Lepi-
doptera: Tortricidae) o broad-spectrum and biorational insecticides in a
laberatory study. J. Econ. Emomsl.. 94 (53 :1122-1127.

Peck S Ls McQuate G T» 2000. Field tests of environmentally friendly mala-
thion replacements to suppress wild Mediterranean fruit fly ( Diptera:
Tephritidae) populations. J. Eeon. Emomel., 93 (20 : 280 - 289,

Qiao D» Seidler F J» Slotkin T A, 2001. Developmental neurctoxicity of
chlorpyrifos modeled ir itro: comparative effects of metabolites and
other cholinesterase inhibitors on DNA synthesis in PCI2 and €6 cells.
Environ. Health Perspect .» 109 (9) : 909 - 913,

Ray D E, Fashaw P J. 2000. Pyrethroid insecticides: poisoning syndromes»
synergies: and therapy. J. Toxieol . Clin. Toxicol.» 38 (20 : 95—
101.

Schuh R A: Lein P J» Beckles R A» Jett D A» 2002. Noncholinesterase
mechanisms of chlorpyrifos neurotoxicity: altered phosphorylation of
Ca* /e AMP response element binding protein in culmred nenrons. Fox-
icol . App . Pharmacel ., 182 (2): 176 - 185

Shimormra M, Okuda H, Matsuda K. Komai K, Akamatsu M, 2002. Ef-
fects of mutations of a glitamine residue in loop D of the alpha7 nicotin-
ic acetylcholine receptor on agonist profiles for neonicotinoid insecticides

and related ligands. Br. J. Pharmacsl.. 137 (2): 162 - 169.

Soderlund D M, Adams P M, Bloomdquist ] R» 1987. Differences in the ac-
tion of avermectin Bla on the GABAA receptor complex of mouse and
rat. Biochem . Biophys. Res. Commun ., 146: 692 — 698.

Soderlund D M, Bloomquist ] R» Wong F» Payne L L, Knipple D €, 1989.
Molecular neirology: implications for insecticide action and resistance.
Pestic. Sci.» 26 (4): 350 - 374,

Soderlund D M, Clark J M Sheets L P» Mullin L S5 Piceirillo V J» Sargent
D» Stevens | T» Weiner M L, 2002. Mechanisms of pyrethroid neuro-
toxicity: implications for cumulative risk assessment. Towicology, 171
(1) : 3-59.

Sparks T C» Crouse G D> Durst G, 2001. Natural products as insecticides:
the biclogy, biochemistry and quantitative structure-activity relationships
of spinosyns and spinosoids. Pest Manag . Sci.» 57 (100 : 896 - 905.

Srivatsan M, 1999. Effects of organophosphates on cholinesterase activity and
neurite regeneration in Aplysia. Chem. Biol. Interact., 119/120: 371
- 378.

Stebbins K E» Bond D M, Novilla M N, Reasor M J» 2002. Spinosad insec-
ticide: subchronic and chronic toxicity and lack of carcinogenicity in
€CD-1 mice. Toxicol. 8., 65 (2): 276 - 287.

Suchail 3, Guez D» Belzunces L Py 2001. Discrepancy between acute and
chronic toxicity induced by imidacloprid and its metabolites in Apis rmel-
lifer. Environ. Towicol. Chem., 20 (11): 2482 - 2 486.

Tabarean I V, Narahashi T, 2001. Kinetics of modulation of tetrodotoxin-
sensitive and tewodotoxin-resistant sodium channels by tetramethrin and
deltamethrin. J. pharmacol . Exp. Ther.» 299 (3): 088 — 007

Tharp C 1: Johnson G D: Onsager J A» 2000. Laboratory and field evalu-
ations of imidacloprid against Melanapius sanguinipes ( Ortheptera: Acri-
didae) on small prains. J. Eeon. Entomol., 93 (2] : 203 - 209

Thompson D G» Harris B J» Lanteigne L J» Buscarini T M. Chartrand D T
2002. Fate of spinosad in litter and soils of a mixed conifer stand in the
Acadian forest region of New Brunswick. J. Agr. Food Chem., 30
(4): 790 —795.

Tomizawa M, Casida ] E» 2003. Selective toxicity of neonicotinoids attribut-
able to specificity of insect and mammalian nicotinic receptors. Anmu.
Rev. Entomal ., 48 : 330 - 364,

Tomizawa M, Lee D L, Casida J E; 2000. Neonicotinoid insecticides: mo-
lecular features conferring selectivity for insect versus mammalian nico-
tinic receptors. J. Agric. Food Chem ., 48 (12): 6 016 - 6 024.

Vais H» Williamson M 3 Devonshire A L. Usherwood P N» 2001. The mo-
lecular interactions of pyrethroid insecticides with insect and manmalian
sodium channels. Pest Manag . Sei.» 57 (107: 877 - 888.

Waldron C» Matsushima Py Rosteck P R Jr» Broughton M Cs Turner J,
Madduri K- Crawford K P: Merlo D J» Baltz R H: 2001. Cloning and
analysis of the spinosad biosynthetic gene cluster of Saccharopolyspora
spinosa. Chem.. Biol.» 8 (5): 487 — 490,

Wang S Y, Wang G K, 2003. Voltage-gated sodium channels as primary
targets of diverse lipid-sohible nenrotoxing. Cell Signal, 15 (20 : 151
- 159.

Wang 5 Y, Barile M, Wang G K> 2001. A phenylalanine residue at segment
D3-86 in Navl.4 voltage-gated Na ( + ) channels is critical for pyre-
throid action. Mol. Phamacol ., 60 (3): 620 - 628.

Wiesner P» Kayser H» 2000. Characterization of nicotinic acetylcholine re-



3 h— %% RESAPHESEIHARRE 389

ceptors from the insects Aphis craccivora, Myzus persicae: and Locusta
migratoria. by radioligand binding assays: relation to thiamethoxam ac-
tion. J. Biochem . Mol. Toxicol ., 14 (4): 221-730

Won ¥ K, Lin J» Olivier K Jr» Zheng €)» Pope C N» 2001. Age-related ef-
fects of chlerpyrifos on acetylcholine release in rat brain. Newrotoxi-
cology» 22 (1D: 39-48.

Wu A, Lin Y 2000. Deltamethrin induces delayed apoptosis and altered ex-
pression of p53 and bax in rat brain. Ersiron. Toxicol. Pharmacel .»
8 (3): 183-189.

Wu A, Ren T» Hu€)» Liu Y» 2000. Deltamethrin induces altered expression
of p53, Bax and Bel-2 in rat brain. MNewrosci. Len .. 284 (1 —2):
20 -32.

Wu Y] Leng X F, 1996. Studies on organophosphate-induced delayed poly-
neuropathy COPIDP) . Acia Zool . Sin.» 42 (4): 327 - 334. [ —
T, iR, 1906, FABLEYE SRR AR AP
AR, 42 (4): 327 -334]

WuYJ, Hap P Yan X Rs Pope C N, 2003. Nicotinic autoreceptor fune-
tion in rat brain during maturation and aging: possible differential sensi-
tivity to organophosphorus anticholinesterases. Chem . Biol. Interact.»
142/3: 155 - 168.

Yan H, Shi N» Lin L G» Lin Y &, 2000. Effects of pyrethroids on the bind-
ing of the metabolism-type ghitamic acid receptor in rat brain. Chin.
J. Id. Hyg. Qccup. Dis., 18 (4): 220 - 222. [=4I, A,
FUZAAL, RERE. 2000, BARRRIHEERT R BB R SRR
REFRIFW. REFh LERRERSE, 18 (4): 220-222]

Yang D» In Xs Zhang W, He F» 2001. Effect of dimethoate on the function
and expression of nicotinic acetylcholine receptor in primary skeletal
muscle cell culture. In Vitro . Mol . Toxicol .» 14 (3): 241 — 245,

Yano B L, Bond D M, Novilla M N, McFadden L G Reasor M J» 2002.
Spinosad insecticide: subchronic and chronic toxicity and lack of carci-
nogenicity in Fischer 344 tats. Toxicol . Sei.» 63 (2J: 288 - 298,

Zhang Ny Tomizawa M, Casida ] E; 2002. Stuctural features of azidopyridi-
nyl neonicotinoid probes conferring high affinity and selectivity for mam-
malian c4(2 and Drosophila nicotinic receptors. J. Med. Chem . 45
(137: 2 832 -2 840.

Zwart R Oortgiesen M, Vijverberg H P M, 1994. Nitromethylene heterocy-
cles: selective agonists of nicotinic receptars in locust neurons compared
to mouse N1E-114 and BC3HI cells. Pestic. Biochem. Physiol.» 48:
202 - 213.



