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Structure-activity and Mode of Action Studies of Pyrethroids
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RERev ) o HE2 ) — MM wme LT, ZREEHLIL
AR EY 2uf FE L THEAHREN, ABREL X
oA FOLhizid, REMOEE» HAE BN HE
EELODLDLH DY, TNHE2LBUEALEI AW
O & EBERICET 2 BHRABEST 5 —DnHk
i3, IbEMORBEZRRICHKT 2ME & OBIREZ T 5
ZEThHhH, LLEDL ) BRIC OV TERLREN %
Mz %7Hiciy, EHroEMEErEnL ) BBt -
THIERIINZDODEEBT L & & LICTHEMEME % EREIC
L 2T U b v, REROMRTIINR LT 5 —H
DAEEc OV, FE—REENOEEFBEEC O W THERI N
TRbPEnZIERTLLE) Lidvnihn, &z,
MBERICHT B /v 7 77 ViG-S O S % 31
flid272DICBEIND Z LD E0DH, REIERDETE
BLEEDEZ D ONERIFEEI NV F FFEI N
20, BHRLIERABEBICLZLDTHErDEHIZEZDL
NTw2%HALH 5.

HEELV 20 FOEBEERDES L LT, BfKkL~L
DIEMEDII I, EHELV L THL D& L TR
HHHEEN T B Z ERFEFICHT W, T2 2 EFHR L
B LAn S - 72 & LT, Mk AERRENE 2 BIEE T,
MR ET A —EOE LY 20 FThHEHLE I 2
HETHDIINETH D, L 2AnA FOMEEBEE%
B 5 BAEHYE: FORRBICE XD THBLZ LR, Fh
AHRL ~OLTHIE L 2AEBERICB W TEN L ) ZE
DTIRHIODPKAT LI EREBELZ L EHEL 5.

Pl k) elkitzesF 2T, KFERTIIAREL 20
AFDIBELIZ /vy 7T RRICEN AT R 2

iz

W0 L, ZoEEOREKL v B & O AR L
NVTHIE L 2 EBEE0®R S D%k %, (LehoRits:
BB & VRN E 2 RT3 A —F— 2 H W TEERE
EIEEAERE (QSAR) oFH2Ic L VL2, RwT, 1k
So#EAE vy 204 FeRIZRT, BEL L TRIE
L 72 BRE MY, SRR MREAEREN D ) b D L
DICE > THEBEENTWEDOPHELPICTEEEDIZ, E
vZuAf Pzt D5 &R N RENENEILOBE
IZDWTHLEREEMZ 2, AT, ZNHNDZ & EHLG
IR 5.

BBRCSALAFRAYY YBIXFLED
EEMEEEMEER
ARV 294 FokhrTh, #TAY) ¥ (Fig 1) &
Db RARRICHT L /v 785 R ICENLTY
D0, ZoORMr AT A DL ) BEEICHKRT S
DHPEHLEPIZT B2, AROBEMGLIEID 54T% b
NTwiz, BN DUEBRIZTNUVIEYB LI UEL X))
BRI AT VYD QSAR BTRER B HICL T, AT A
N OBEES (AT RN VEEEZZTIINER) DX T ER
NP NTAa— DT ZTIVEE (Fig. 1) #fE2 &L
2. ZRHLDILEMDT B TX 7 )T R/ REEE
& MCD (mol) ¥ & UF/NBGE#EE MLD (mol) % HSE
), gL TA i T/ v 75T v Ee
KD;, (mol) # Bt 581z & ) Ko, T FnnfEoisst
Bl % ZALEH O AR L~z BT 5 B EY: 2 KT 1EE
E L7z BB, LA IRS1% 30 LN ORER A S B L 72
BRI, BRbUEILER TH B ERe =17 X
¥ B LUK SHAHLER TH 5 NIA16388 ZHrH L
THIZE L 72, 512, 7EIX% 7)) L OB L 72 pHah
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Kadethrin Substituted benzy! kadethrates

Fig. 1 Kadethrin and substituted benzyl kadethrates.
BFRIC AT % 5| X4 2 $R/NA R R E MEC (mol/!)
X AR 2 5 X8 2 TR/ MR MBC (mol/l) % b
WIS & ) ERAEBEENICHEL, s D
% SALAMOMEEREE L RTHREL L2,

HTF AN I AT VRO SO ERFEEICOWTER
FROBMIOEE, T3 LB EFRERLEOWHA
FE L ORER RN T A — 5 — 2 A TR/ AR
oLtk (1)~ (5) 2127,

log(1/MCD)=8.168+0.252 7 —0.122 AL —0.047(4B;)?
+1.3511,, +0.7221oy (1)
n=35, s=0.261, r=0.903, F; ,,=25.64

log(1/MLD)=8.417+0.5217—0.176 AL —0.278 4B,
+0.9181,, +0.8691x (2)
n=35, s=0.254, r=0.933, F, ,,=239.13

log(1/KDso)=10.156+0.4137—0.116 4L —0.19045;
+0.9121,, +0.6161ox (3)
n=29, s=0.264, r=0.893, F, ,,=18.15

log(1/MEC)=8.167+0.4057 —0.308 4L —0.05948B;
+0.9391,, +0.697 4 (4)
n=35, s=0.264, r=0918, F, ,,=30.95

log(1/MBC)=5.323—0.2224L +0.5521,,
+0.6241,, (5)
n=31, s=0251, r=0811, F; ,,=17.35

FaEsRIcBWT, rlENrErBR EEREOBKED
RETHNY, AL B LU 4B 13, TN FNEHREORAR
BLUEREKIES %3 STERIMOL /35 x — ¥ —TH 5%, %
72, Ly i3BHBRIED f~y MBI ZEREPHFET 2L L
U PUBAEINDEE LR EBEERTHY, I
ERED o 7203 AL T —T VEBRE AT
LrEIC L REBEEHTHE, N ()~ (5) I, ERE
DOBKMEDTET USRI VIT &, (REERTEY: & b & RS
WS FRT 2%, SARENCKE T BERELEAT S LG
DI B2k, Z L CERED g~y MO REHFE
D, 12 a iR AN —T VBRI FOEANITERE
EHicE > THEMTHEZ EEERL TS,

BN U N T A BT AT VO EREE S, FH

LERELLOBRC UM AT VE il
2 BRI AT VENEHEES O 2 L Th, HF
F VB A SN o, ZOFEER, 2T AVRT Y
z2 a4 OIS E T2 — a0 EEEEIC T 55
5.5, BB e EIR TIIAEMB TR A W2 L 2R L T 5,

EvAOof FIC& B34 INRID/ v 797 ERE
HENREOBAECDETEE

RABBICHT S /v 7757 omhRiE, ELv e Fo
M A RTEEE %> T b, (LAY ENIEL R TR
Er LT, REENS0% % /v 757 EELDICETY
LEE KTs # WA Z E0°% 0, L L KTy, i3k 5%E
KT DT, LAMOEMIEE KT IEELERTH S
LIz en, AR T, RGERICHEINLY /v
77 LB OEATEREES (k) %, B 2 23—}
22 BT LR F TR, log(k’ X 104) % Zbaic &
5/ 7T B ORATRE 2 RIS L, BB
46 (LN DT DT —F =101 KFFR TH 212K D
72 I9ALEIC OV TORRE S bR TR TS L, (D
2 OFI % B T log(k X 10°) AL SN BUKE £ &Y
log P 1B L THMKIC BRI btz (Fig. )™, A7
2N e DB D - T /AT T S XN
ZF NHEIE 0 k) BRA LRI T, —ikicE L
Z2aA4 FxB5 LA 2L EEEREZ R T OI
LT, 2 s DA TIEESNGI R DR EZRL, /v
7T R A TFRICHET 52 L NEETH -2, LTz
o T, TsDILED logk’ X 109) HIZ K 65 1L TE
W3 LODBENEHES LTV B IREMED D B, b D1k
STz S8AEAIc DWW T, log(k’ X 10%) & log P &
DEE R REREELYHC TR 2 2i2L DK (6) %
187z,

log(k’ X 109) = —2.833+ 1.807 log P—0.165(log P)* (6)
n=58, s=0.198, r=0.781, F, ;;=42.99

o
4]

5 6
log P

Fig. 2 Relationship between log(k’ X 10*) for pyrethroids
and log P values (reproduced with the permission of Aca-
demic Press).
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Fig. 3 Relationship between the rates of increase in mem-
brane potentials in crayfish giant axons affected by pyreth-
roids and their log P values.

The log kp,r (@) indicates the rate of elevation of the
afterpotential and the log kpgp (O and ) indicates the rate
of depolarization of the resting membrane. The log kpgp
values of a-cyano-meta-phenoxybenzyl esters and kadethrin
are indicated by open squares (reproduced with the permis-
sion of Academic Press).

R (6) b, /v 7T ROBITERERZREE T 5
log P i3 54 t3kdb iz,

Evaad Fizkd /vy 787 ERDETHREIR, #
RAHEEHORBEEICL )V XREINLZ ErHETE
5, COZEEHEIPOLIZDIZ, BL2uf Fiok-TY
725 SN BB BEEN LD EATHEIZ DV TRES
L7z, 2hRE LT, BAamMHREN (DAP) ok Lo
BB OWA (DEP) I2HEBL, bAWr Bl 2B
TENZNDTRKNRD 1/2 DBEMENLEZFIERITDIC
By R 6y, (min) %, T 24 ) ) A =p SHHE L -
FEBIRAEAZ -V TR L 7219, 1, 360 B2 4K
HFLLho72DT, ZoMEE logk (k=1/1,) % &1t
Y5 E R TRBEMNEDEELZ R TREL L, #
DEE log P & DBIfR 2 MET L 2658, MBS0
FUT & 59 logk (3 log P nZEfb & & LIz skiIc 21k
L7z (Fig.3)., s nBfRs R/ ERETHRINT 22 &
k0, X (7)) BLY 8) 215729,

JBi ot it 1 AL DA R L C

log kpsp=—1.799+40.598 log P—0.069(log P)? (7)

n=29, s=0.107, r=0.904, F, ,,=58.07

FRRE B 3R B BB SR R L T

log kpgp = —2.403+0.907 log P—0.108(log P)>  (8)
n=34, s=0.136, r=0.932, F, ;,=101.83

T2 TXT) OMEEBEEAR L V2 RERICOW TR
FrL7zdhaicd, Zns ARy BN, 20
DEFEAR (6) TRINZBBRALB|UL 2z 205, 4
INID) /vy 7T AERDEATERER, 2P,

v 2of FOMEEREEOREBLEREIC L ) B2 2T
5LDEFEZ LA, BIREWT &I, logPH755 L Hk
EAEMIc OV T, WREZ BRI 2EED, B
BPIREA LA L RE L VB L 2HN A LN
2. BLDELV ZRA FiE, KOCBE TR BRI S B
EWAEE, BVBETRHLEEMNEZRLI LD, a-v
T/ A8 T7x /%0 NI AT VIR Eh R AR
o U TGRS EMN 2 Fie T, KEBE CHREL K
WD, 2D~} X2t 5% BEYDRES
TIZDVWTHET I B BIE D 5, {b&Wik51%%E
BpfINICET 2 RRodHiER, 230 /v 757 5%
DETHEL, 2BEOMENRN S HH HITKBEM T
FlEE I SN HMBEAEBIR, DT ) HoBEgEMOH
KEENDHBELEZTLLDEHEZ NG, —H, a-¥
T/ AZT7 /XNy PN 2T IOVERIZR SRR BAT
EFELLVDT, INHbEmic L NslERIENS
Sy 787 RIS, MEEEREORRDOEELZIT B
B Thsd, ZNLDEEHNDEL DL DHSS5 LD kX
TlogPiERLDZ L 2E2 bR D E, /v T
ROMBITEEDS, b L HBRENHKEL L DT /%
bR wELr R FAGIERIT /v 7T ERD
EATHEE L 0B COLABRETIE S W,

v 2ad Fickd4 1520/ 9 787 ERKTH
n, MHMEEROBEEMNOZLTHIN, “ThoORKESL
b EL L THFERDBUKEIC L > THRENLZ L7
Hoh koo, TOEFEI, /v 787 koD,
BEEALD 5 Vv 27 5 —~ DA I Bty 7 BB AT
BEEFRBTL2LNTHLIEERLTWVA,

ELZoqg Flod 2#4EMFEEOK S BEHE

TR R A THE I W REREFEN RS BE DR
EEMBROBREICOWTIRET 2720, 7E>TX7Y
HARE ) B KR O BLEAL % NEREMR L THIE L 72, 1k
BWE T UTAB AR K CHEZEARZ AL, 20k 1 K
LIRICEE % 10mV 721 BB & 4 2 D ic By 2 EHIBE
DCyy (M) %23K&H7219, DC,, ikt fifi 2 LA o i ok
EHEOTRRELE L, [FUMBEARZ Hv OO EREBEIC LD
RE L 72 AE B F GV log(1/MEC) B & (VBB DR
HEWIE log(1I/MBC) D2 nFN L B L 72 & 2 A, K
BEEN L) L BBOEEN SN X B 2R 22
(& ).

log(1/MBC)= —1.327+1.059 log(1/DC,,)
+0.095 log P (9)
n=17, s=0.193, r=0.967, F, ,,=99.66

K (9) 12 BT 5 log(1/DCp) DB 1ITHENZ L2 b,
L aug Mk 2 MEMEBREOB A EE R, {mEE
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NDEBEHLRRE L ->TnbinEBbhs, ZoLHiC
LCHElE L 72 BamiEtEi, 7VE> X 7T 2B H
EHEICH L T BB R L 72 LA L h i id,
BHICH L TEERZ 2L 26 3 LW TER ERERE
EME KON a3 T /A 72/ XXy NL
ZTFNEDL WO EINTWE, ZnbLDteaWiz, B
KEEEARICH L CHIBERBEMALZFIREL L) 2
I IEZLIEO GABA, L 2 7 S — 1 bBREREH 2 RT
Z e Bl FEohEER MO L e F
Ik AHMEBIERE B 552 L Y LRI S 1,
typell BV 20 FEMIEN TS, LorL, typellEL
za 4 ¥ &gDHrALERORRRIEEA B BIETE & &l
B2 R 7z e v EER, typell L 204 FOFKBENE
KB, o7 N—THE L 24 Ftypel L AT
A F) ORI E B0 E BET A BEIT LN L
BRBEL T3,

HT AN TR EIC B W GEWRSEEEE L b, L
Y FOREIE, bE L DUIEREHERENIC RV
NUCET A, oL eEICHEBL, AT R VICE
2 RE D BRI OV TRET L 7219, T A A
= DFERY H T A > TOUET 2 L, SREEMT
RERIOEE & & bzl L, AUEfE 20 - LIRS KL ~L
1232 7> (Fig. 4A,B), ##EEA% LOXI0"M DG T AN
CT2REEME L 28I ) T AT A NVORRT
oy A—ThbT huF Xy (TTX) 2{EA 35 &,
BEME AT 2 > L DRBERIOLV )L E TREL 72
(Fig. 4A), AT 2 > DiBE% 5.0xX107"mic kT3 &,
TTX 2 & 2 WEMOBEORE HA L 72 (Fig. 4B). 7
F2Y > OWENE HICEBE (1L.0X107°M) DEEITI,
BEMDOEIIZE HICREC KD, TTX EAEL T
1T EACEBL o - 72 (Fig 4C), Z o k9 LRI,
TELIXT) LR L PSR RERTLALN
2. LorL, AT R > OMIEEEH 1.0X107°M &\ ) &
BETH-TLH, ZOMBEBEML % TIX 2525
E, BEMIATRY > EDMBEFIDOL U FE TT AR
pIcEE L7z (Fig. 5A), L7zd*->TC, AT AN > D
HERICA L NRBEOBSEIE, #7225 )74
F o ANEBEVIREBICHEL TH PY 724 A xty
2EB%E FPREER2HTH), T0LUEN TTX I
RO & 7 o 2 AR R, e S REL EOERE
nEev o FE Ly L REEEMEL 722 22BN LD
sz, UL, $iREREZS L L TTX 2 3 rER
BEEATERL TEL E, AT 2 > DBESCUEREIC
Bb o TEEMIIEILL Zh -7 (Fig. 5B), ZonZ &b
by, AT AN Y EDMBEEBIZA L N TIX 23 L T
SRS E E, ZogIcBn TTX IZIERZTED
BN R L IZ EWICHMI L2 b D Tld e (, TEIEHR
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Fig. 4 Effects of kadethrin and tetrodotoxin (TTX) on the
resting membrane potential of crayfish giant axon.

The nerve preparation was treated with (A) 1.0X 107" m, (B)
50Xx1077M, or (C) 1.0X107®M kadethrin starting at zero
time. To each nerve preparation, 1.0X10°M TTX was
then added at 120 min (reproduced with the permission of
Academic Press).
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Fig. 5 Effects of kadethrin and TTX on the membrane
potential of crayfish giant axon.

The nerve preparation was first treated with 1.0X107°M
kadethrin (A) or 1.0X10-5M TTX (B), and then with 1.0X
10-5M TTX (A) or 1.0X 1073 M kadethrin (B) (reproduced
with the permission of Academic Press).

WCEE L TWwa I sabh oo, T2 TIRERERRL L
Vs, TTXZIERGE M & 7% - 22 Biar st i, FHBAER R
BWADF )4 AL E, FEYTLFANEEBT

Xna) oA ICEEHRZTOHELE» o720 £
T, TTX ot L CIEAE M & 7 - e A BRI, A 4>
EBEASBEAL2F L )T AF 2 RS TTX 2T 5
S E S 2 2DIZE L DT ke FH L T2,

MR REIL, ARARAE KD ) T LA F ViREE
FFTLBEABEFL I EHTEL, ZDL ) LHRIETE
% 2BRICh 2> THAOmV S HE &, ZD%AL ) 7 A
A4V BEFXEFELV-VUTT 2 &, BEEAMIAOL N
M TEELZ, ZOKEL L, BBRESH L VITREMHE
BT AN v THMEEL /2 & X2k b iz TTX (CHERERZHD
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B sh Rz, BICBEMO FRICEADTIILL, #T
2 OMBEERICEI DD F M) 744 X IHT
2 EBUEDO FRAICHELZRETHLI LWL L5
7z,

ABFMESHEL b OEL X0 S FORE

EraoA FoFe LA bGP 7 A
Fr ANDOERERBUL, T XE LI IEFTFIZLY
HEEN TS, 72827y MO TTAF ) 72 F %
AL, Fr ANV 2R 5 a7 2=} EHB S
VNTETHBLLLBIURY T 2=y bbb, &
Wl 7=y b a7y b ERFETEE, a
Tazy FEMEEL ) L E CAERET 5 2 E S NS
INT0B?, —F, v a7 YawNzDparatF t )7 A
F o 23, B S 7 BHTH S TIipE 5 >3 7 G5tk
FLZTNERERLCERERBLL 2w EhrEINnT
WEO ZNLDB Y o7 UMM, F ) AT e R
JLiZ protein kinase #H, phosphatase 3§} & (f GTP #54& %
YoNPEL LI L DHIBEE T, 2 U2, cAMP KT
% protein kinase 3% & GTP #5427 > /<793, & 3
Bovyv 2o FEMHEERT L b TwE, 20
O RBELILFEL T, YLv R0 4 F ORI
ROFTTH, ALEWES P ) 705 % 20 & DHAEMEH
Lo THDABFMRTELDNE ) PEFTRIRTT 205
hHBH, M, FEYTLAF AN EEBCHEERT S

0 0
OMe 0 N=N
O_N STN \
o} CF,
N; © o

Fig. 6 Photoreactive pyrethroids.

Fig. 7 Effects of a photoreactive kadethrate on the sodium
currents recorded from a crayfish giant axon (A) and a GH,
cell (B) in response to a step pulse.

In A, a is the control and b was obtained 28 min after the
internal application of the compound (2.0X 10-*M). In B,
a is the control and b was recorded 4 min after application
of the compound (5.0X10-M). Arrows | and 2 in each
record indicate the residual and tail currents, respectively
(reproduced with the permission of Pesticide Science Society
of Japan).

ELTY, ELZ2UAS FHFOEDEHSHF 2 NLDED
o EAHBEERT 20228520 T 5 2 & IZHBRE W,
INLDEMERL b T u—Tr 3510, HHEAE
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GH; iz L ¢, BERL AL TLEEFOEL 204 F L
PlozhE R L 72, BifE, b DbAPnkEd FowE
kA D LS, FEHEERICOVWTLRETL T b,

b Y

AR TIE, QSARETO—FHEZHTH T2 5
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Structure-activity and Mode of Action Studies
of Pyrethroids

Many synthetic pyrethroids have been synthesized
based on natural pyrethrins. Some members have prom-
inent knockdown effects while others are insecticidal.
This class of compounds has various nerve effects. The
mechanisms underlying the whole-body effects can be
clarified by examining the substituent effects on in vivo
and in vitro activities and analyses of correlations
between these effects.

Kadethrin (I) has a marked knockdown effect. To
elucidate the structural factors governing the knockdown

as well as other activities, a set of meta-substituted benzyl
“kadethric” acid esters (II) were synthesized, and their
whole-body activities, convulsive and insecticidal activ-
ities against American cockroaches and the knockdown
activity against house flies, were measured. Nerve activ-
ities of the compounds to cause repetitive firing and
conduction block in the central nerve cords of American
cockroaches were also measured by the extracellular
recording method. Variations in whole body and nerve
activities were quantitatively analyzed with physico-
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chemical parameters of the substituents. The equations
derived from regression analyses indicated that these
activities were higher in compounds with greater hydro-
phobicity and smaller substituents. Addition of indica-
tor variables I, , taking unity for the substituents having
an olefinic bond at the By position, and Iy, taking unity
for the substituents having an ether type oxygen atom at
the & or B position, significantly increased the correla-
tions. The results indicated that the introduction of
these particular structures at the @—y positions is favor-
able to the activities. Each of these activities of com-
pounds II was poorly correlated with that of substituted
benzyl chrysanthemates and pyrethrates having the same
substituents, suggesting that the acid and alcohol moi-
eties of pyrethroids do not act additively to these activ-
ities.

The knockdown activity is governed by the intrinsic
activity, which could be measured with inhibitors of
metabolic degradation, and the rate of development of
the effect. To estimate the rate of development of the
knockdown symptom induced by pyrethroids including
kadethrates (II) in house flies, the rate constant k’ for the
progress of the symptom was determined for each com-
pound by the first-order kinetics with a two-compartment
model. The log(k"X10%) values were parabolically
related to the hydrophobicity parameter, log P, with
some exceptions. The exceptional compounds were
kadethrin and a@-cyano-meta-phenoxybenzyl esters.
Flies treated with these compounds were quiet and did
not show the typical knockdown symptoms produced by
most other compounds, especially at the earliest stage of
intoxication, probably, leading to underestimation of the
k" value. To examine the role of nerve effects in the
development of the knockdown symptom, a half time,
45, Tequired to give half the maximum responses of the
depolarizing afterpotential and depolarization of the
resting membranes caused by pyrethroids was measured
in crayfish and cockroach giant axons by means of the
intracellular recording method. The rate indices, log &
(k=1/1,,), for both nerve effects were related to log P of

the compounds with optimum values similar to those
observed for the rate of development of the knockdown
effect, suggesting that the development of the knockdown
symptom is affected by the progress of these nerve effects.

The depolarizing activity of a set of pyrethroids
against axonal membranes of American cockroaches
[log(1/DC,,)] was measured to examine correlations of
their repetitive [log(1/MEC)] and blocking [log(l/
MBC)] activities that were measured extracellularly in
the central nerve cords of the cockroach. The depolariz-
ing activity was better correlated to the blocking activity,
suggesting that the conduction block caused by pyreth-
roids is attributable to the inactivation of sodium chan-
nels in the depolarized membrane. The depolarizing
activity of pyrethroids including several a-cyano-meta-
phenoxybenzyl esters was also related to the insecticidal
activity, suggesting that the @-cyano compounds kill
insects by basically the same mechanism as that under-
lying the insecticidal effects of other pyrethroids.

Kadethrin rapidly depolarized the resting membrane
of the axonal preparation at very low concentrations,
while induction of the depolarizing afterpotential was
negligibly small. Based on this feature, the mechanism
underlying the membrane depolarization caused by
kadethrin was examined in the crayfish and cockroach
giant axons. The depolarization observed within a
short period after the start of treatment with kadethrin
was completely blocked by tetrodotoxin (TTX), indicat-
ing that the depolarization is due to increase in the
permeability of the membrane to sodium ions. Pro-
longed exposure of the membrane to kadethrin at a
concentration higher than a certain level resulted in a
depolarized membrane, which could not be repolarized
by TTX. However, pretreatment with the toxin
modified the membrane not to be depolarized by kadeth-
rin, suggesting that the TTX-insensitive phase also arose
from the increase in the permeability of the membrane to
sodium ions. This view was supported by the finding
that the membrane depolarized by soaking in an external
saline with a high concentration of K* ions was easily
repolarized to the normal level by washing, as observed
before the start of the experiment.

Pyrethroids modify the gating mechanism of sodium
channels. Other proteins besides the channel protein,
have also been found to regulate the gating mechanism of
the channel. Whichever the target protein of pyreth-
roids, a tool compound is needed to identify the site of
interaction. Being as active as conventional pyrethroids
at both whole-body and nerve levels, the photoreactive
pyrethroids (III, IV) synthesized in this study should be
key compounds for studies in this field.
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